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ABSTRACT 
 
Title of Dissertation:  Cost and Benefit Analysis of Shore Side Electricity in The 
Port of Tanjung Perak, Indonesia. 
  
Degree:  MSc 
 
Environmental protection is no longer a secondary issue in shipping and port business, 
but it has become the first issue to be considered before starting activities, otherwise their 
businesses cannot be sustained. Therefore, shipping companies and port operators/port 
authorities need to recognize environmental and health impacts that might be caused by 
their activities, such as sailing, manoeuvring, berthing and cargo handling. All these 
activities emit pollution or emissions (NOx, SOx and PM), which can cause negative 
impacts on human health, such as emphysema and bronchitis, and which in turn can 
aggravate existing heart disease, leading to increase hospital admissions and premature 
death.  
 
Shore side electricity or On Shore Power Supply (OPS) or Cold Ironing is one of the tool 
to reduce ship emissions, vibrations and noise pollution at berth. The dissertation topic is 
about cost and benefit analysis of shore side electricity in the Port of Tanjung Perak, 
Surabaya, Indonesia. The Port of Tanjung Perak has been chosen as a research object 
because this port is the second biggest port in Indonesia with more than 10,000 ship calls 
every year. 
 
The research focused on calculating the amount of ships emissions at berth and their 
externality cost, comparing sources of energy for shore side electricity, and business 
analysis on investing shore side electricity with three scenarios of investment. The 
dissertation also analysed the correlation between bunker prices and other variables, 
such as global oil production and new building prices, by using regression analysis, and 
as a result there is a correlation between bunker prices and other variables. This means 
the increase of bunker prices will have an impact to other variable prices. Moreover, it will 
encourage ship owners to use renewable energy. Questionnaires, interviews and on site 
surveys were used to gain more data from the potential customers, shipping companies 
and port practitioners.  
 
The results indicate that the total ship emissions of container vessels and passenger 
vessels in 2013 reached 31,946 tons and 4,785 tons respectively. Furthermore, their 
estimated externalities over this period were US$ 5,281,475.00 and US$ 700,465.00 
respectively. Therefore, by implementing shore side electricity, these emissions can be 
reduced and this will have a positive impact on the environmental protection and human 
health. Consequently, the use of shore side electricity helps to reach equilibrium between 
business and environment interests. 
 
Keywords:   Shore Side Electricity, Ship Auxiliary Engine, Ship Emissions, Externality 
Cost, Bunker Prices, Regression Analysis, and Investment Analysis. 
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CHAPTER I 
 
1.0 Introduction 
1.1 Seaborne Trade and Port Development  
 
“International shipping is currently estimated to have emitted 870 million tonnes of CO2 in 
2007, no more than about 2.7% of the global total of that year. That said, mid-range 
scenarios show that, by 2050, those emissions could grow by a factor of 2 to 3 if no 
regulations to stem them are enacted” (Efthimios E. Mitropoulos, Former IMO Secretary 
General, 2009).  
 
Seaborne trade is becoming one of the most popular modes of transportation in the world 
because evidence shows that almost 90 percent of the world cargo is moved by seaborne 
trade. Furthermore, it is a known fact that seaborne trade has more advantages in 
comparison to other type of transportation, such as, competitive tariffs, effectiveness, 
safety and environmental friendliness. Additionally, the increase of seaborne trade has 
triggered port development in many countries.  In other words, ports must compete with 
each other to win the market from shipping companies.  
 
Therefore, they must improve their facilities and services, such as construct new quays 
and invest in bigger container cranes. Nevertheless, the growth of seaborne trade has 
affected the reduction of environment protection and human health because of the 
increase of ship and port emissions. Buhaug explained, that global shipping has emitted 
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1,046 million tonnes of CO2 in 2007, which corresponds to 3.3% of the global emissions 
during 2007 (Buhaug, 2009). Due to the concern of the global emissions, The European 
Commission in the European Union (EU) encourages their countries to replace 
congested transportation, such as buses and trucks with environmentally friendly 
transportation like trains and short sea shipping (Notteboom, 2006). 
 
In addition, the increase of ship emissions has created an externality or social cost. This 
cost is a cost that occurs due to the impact of emissions to the environmental protection 
and human health (Notteboom, 2006). Henceforth, shipping companies and port 
operators need to consider using renewable energy and environmental friendly facilities, 
such as wind turbines, shore side electricity/cold ironing, electricity handling facility, and 
LNG engine based ships.  
 
1.1.1 Contemporary Issues Related to Climate Change, Greenhouse Gas and 
Emissions 
 
Ship emissions consist of many chemical particles, such as Nitrogen Oxide (NOx), 
Sulphur Oxide (SOx), Particulate Matter (PM) and Carbon Dioxide (CO2). Among these 
chemical particles, CO2 is known to be the largest contributor to the Greenhouse Gas 
(GHG) which causes climate change. Additionally, the increase of CO2 can be caused by 
factories, inland transports (cars, trucks, trains and etc.) and water transport (ships) 
emissions.  
 
Climate change occurs when the sun radiation penetrates the atmosphere and hits the 
earth surface but is not allowed to escape due to the excessive amount of CO2 in the 
atmosphere; this makes the earth surface warmer and reduces O2. Furthermore, this 
causes the ice in the North Pole to melt and thus causes an increase in sea level.   In 
addition, many coral reefs have died because of lack of oxygen in the atmosphere. The 
death of the coral reefs will influence the fish food chain because coral reefs are living 
animals that produce nutrition that fish need and a good place for spawning; hence, many 
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fish die due to lack of food. The decrease of fish has become a disadvantage for the 
fishermen, because they potentially lose their livelihood. Therefore, in an effort to reduce 
GHG, many countries in the world have adopted policies through the Kyoto Protocol, or 
other international regulations from the International Maritime Organization (IMO) such 
as MARPOL Annex VI. 
 
There are some issues that have being discussed lately regarding the reduction of ships’ 
emissions such as the IMO’s plan to limit the amount of sulphur that is emitted by ships 
in the Baltic Sea – not more than 0.1%. This policy has lead into debate between ship 
owners and the government because some of the ship owners believe that this policy will 
be meaningless due to the lack of enforcement measures when the ships are entering 
the Sulphur Emissions Control Area (SECA). For example, Thomas Woidemann, the 
President of J. Lauritzen (Danish Shipping Company), in the Copenhagen Field Study, 
on 3rd of June, 2014, mentioned that he asserted that the enforcement of the 0.1% sulphur 
policy should be done.  
 
Who will be the police and make sure that all ships that pass the Baltic Sea are 
complying the new regulation, otherwise, many ships will be disobeying this rule 
(Thomas Woidemann, 2014). 
 
Furthermore, due to the adoption of the policy, it will increase logistics costs for ship 
owners. They must invest in new technology, such as scrubbers in order to reduce 
emissions, or use low sulphur fuel which is more expensive than the initial fuel. Maersk 
Line had calculated the additional cost caused by the policy to be around USD 250 million; 
therefore, Maersk will charge its customers USD 50-150 per 40ft container. This increase 
is expected across the shipping industry, for example, Hapag Llyod is also considering 
an increase in its tariffs (Damian, 2014). However, some maritime practitioners are 
optimistic, that this policy can be implemented by using modern technology. Hans O. 
Kristensen, Senior Advisor of the Danish Ship Owners Association, in the Copenhagen 
Field Study on 3rd of June, 2014, explained that the Danish Government has conducted 
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research in order to find the proper tools to identify sulphur in the Baltic area, such as 
sniffers.  
 
We are going to put sniffer under the bridge so it will detect the amount of emitted 
sulphur from ships. Nevertheless, among of this effort, the law enforcement by 
the Danish Government is very important (Hans O. Kristensen, 2014). 
 
Unfortunately, this issue is not frequently debated in developing countries because most 
of them are still struggling in ways to increase their economy. As a result, environmental 
issues are not debated as a priority. The leaders in these developing countries should 
start considering the use of renewable energy and environmental friendly facilities; for 
instance, wind turbines and shore side electricity. Otherwise, their next generation cannot 
enjoy a healthy environment. Therefore, the researcher will attempt to analyse this issue 
by focusing on shore side electricity as one of the tools used to reduce ships’ emissions. 
The costs and benefits of shore side electricity in the Port of Tanjung Perak, Indonesia 
will be examined. 
 
1.2 Research Objectives 
 
The research will seek to fulfil the following objectives:  
 Carry out a quantitative analysis with regard the amount of emissions emitted in the 
Port of Tanjung Perak, Indonesia, in 2013, and their externality cost.  
 Carry out a qualitative analysis to acquire information from the users like shipping 
companies and port operators with regard the implementation of shore side electricity. 
 Comparison of shore side electricity sources of energy by using cost effectiveness so 
it can determine the ideal source of energy for shore side electricity. 
 Carry out an investment analysis of shore side electricity as an alternative energy 
supply to vessels. 
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1.3 Research Questions 
 
In achieving the above objectives, this research paper will strive to answer the following 
questions: 
 What is the amount of ships’ emissions that have been emitted in the Port of Tanjung 
Perak in 2013 and what is their externality cost? 
 What is the proper source of energy for shore side electricity? 
 What is the cost and benefit analysis of implementing shore side electricity? 
 
1.4 Methodological Approaches  
 
The researcher used the following research methodology:  
 Literature reviews of previous studies; 
 Quantitative analysis which was essential to calculate ships’ emissions and their 
externalities; 
 Qualitative analysis which was important to observe shipping companies as a 
potential customer for shore side electricity;  
 The Net Present Value and Internal Rate of Return were chosen as the most 
appropriate methodology to make investment analysis.  
 
1.5 Structure of Study  
 
This study is structured as follows: 
 Chapter 2 reviews IMO’s regulations related to ships’ emissions, type of emissions 
and their impacts, present issues related to ship emissions, climate change and 
greenhouse effect,  externality cost, sustainable development for port, and define 
shore side electricity. Additionally, an overview of PT Pelabuhan Indonesia III 
(Persero) was conducted. 
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 Chapter 3 comprises the methodology and data analysis, ship specifications, 
calculation of port performance indicators, determining emissions calculation formula, 
ship emissions calculation, total energy and comparison, source of energy 
examination, externality cost identification, and bunker prices analysis. 
 
 Chapter 4 examines a shore side electricity projects, business analysis, investment 
calculation and analytical findings drawn from questionnaires, onsite survey and 
interviews.  
 
 Chapter 5 consist of conclusion, recommendations and limitations. 
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CHAPTER 2 
 
2.0 Literature Review  
2.1 MARPOL Annex VI 
 
As a United Nations Organisation, the International Maritime Organization (IMO), has 
issued many important regulations that have been implemented in numerous countries 
around the world, such as MARPOL (International Convention for the Prevention of 
Pollution from Ships). 
 
The adoption of MARPOL was triggered by the SS Torrey Canyon accident in 1968. The 
ship was carrying 100,000 tons crude oil when it grounded on rocks between Land’s End 
and the Scilly Isles.  As a result of this, the cargo polluted the French coast and Cornish 
beaches. This accident prompted a new discussion on ship safety and the protection of 
the marine environment. Additionally, there were further decisions to develop a 
comprehensive instrument regarding pollution prevention from ships. This convention 
was signed in 1973 and the shortened name of the convention was MARPOL 1973.  
 
MARPOL 1973 was modified by the protocol of 1978 due to the Amoco Cadiz accident 
off the coast of Brittany in 1977. The accident happened when the Amoco Cadiz ship that 
brought 230,000 tonnes of rock oil was wrecked due to bad weather.  It polluted the 
beaches and fishing grounds near the coast of Brittany. It was felt that certain 
shortcomings in MARPOL 1973 should be rectified and a Protocol to the Convention was 
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agreed by the International Conference on Tanker Safety and Pollution Prevention 
(TSPP) in February 1978 (International Maritime Organization , 2013). It was also agreed 
to embrace MARPOL 1973; therefore, it was known as MARPOL 73/78. After the 
adoption of the 1997 Protocol, it was decided not to add ’’97’’to MARPOL 73/78 but to 
refer to the Convention just as MARPOL, without any reference to a year (IMO, 2013). 
 
MARPOL contains six annexes related to pollution prevention, which are: 
 
Table 1 Marpol Annex I 
Source: IMO, 2013 
MARPOL Annex Entry into force Number of 
Ratification 
Fleet 
(%) 
Annex I (Oil) 2 October 1983 152 99.20 
Annex II (Noxious Liquid 
Substances in Bulk) 
6 April 1987 152 99.20 
Annex III (Harmful 
Substances in Packaged 
Forms) 
1 July 1992 138 97.59 
Annex IV (Sewage) 27 September 2003 131 89.65 
Annex V (Garbage) 31 December 1988 144 98.47 
Annex VI (Air Pollution) 19 May 2005 71 94.29 
 
Since this research is focusing on air pollution, the researcher will concentrate on Annex 
VI, mainly on ships’ and ports’ emissions. Particular attention will be focused on ships’ 
emissions that occur during berthing.  
 
IMO (2013) defined the controls within Annex VI covers, they are as follows: 
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a. Ozone depleting substances released from refrigeration and fire fighter systems and 
equipment. Such substances are also contained in some types of insulation foams;  
b. Nitrogen oxides from diesel engine combustion; 
c. Sulphur oxides and particulate matter emissions from the combustion of fuel oils 
which contain sulphur; 
d. Volatile organic compounds, the hydrocarbon vapours displaced from tanker cargo 
spaces; 
e. Ship board incineration;  
f. Fuel oil quality in so far as it relates to a number of air quality issues; and  
g. Energy efficiency for ships. (International Maritime Organization, 2013) 
 
Ship and port pollutions consist of Sulphur Dioxide (SOx), Nitrogen Oxides (NOx), 
Particulate Matters (PM) and Carbon Dioxide (CO2) as shown in Figure 1. 
 
Figure 1 Ship Emissions 
Source: Nakazawa, 2013 
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This pollution can be defined with the following explanations: 
 
 Nitrogen Dioxide (NO2) 
The sum of nitric oxide (NO) and NO2 is commonly called nitrogen oxides or NOx. NOx 
react with ammonia, moisture, and other compounds to form small particles. These small 
particles penetrate deeply into sensitive parts of the lungs and can cause or worsen 
respiratory disease, such as emphysema and bronchitis, and can aggravate existing 
heart disease, leading to increased hospital admissions and premature death (United 
States Environmental Protection Agency, 2013). 
 Sulfur Dioxide (SO2) 
Sulfur dioxide (SO2) is one of a group of highly reactive gasses known as “oxides of 
sulfur.”  The largest sources of SO2 emissions are from fossil fuel combustion at power 
plants (73%) and other industrial facilities (20%).  Smaller sources of SO2 emissions 
include industrial processes such as extracting metal from ore, and the burning of high 
sulfur containing fuels by locomotives, large ships, and non-road equipment.   
SO2 is linked with a number of adverse effects on the respiratory system. Current 
scientific evidence links short-term exposures to SO2, ranging from 5 minutes to 24 hours, 
with an array of adverse respiratory effects including bronchoconstriction and increased 
asthma symptoms.  These effects are particularly important for asthmatics at elevated 
ventilation rates (e.g., while exercising or playing.) (United States Environmental 
Protection Agency, 2013). 
 Carbon dioxide (CO2) 
Carbon dioxide (CO2) is the primary greenhouse gas emitted through human activities. 
Carbon dioxide is naturally present in the atmosphere as part of the Earth’s carbon cycle 
(the natural circulation of carbon among the atmosphere, oceans, soil, plants and 
animals). Human activities are altering the carbon cycle-both by adding more CO2 to the 
atmosphere and by influencing the ability of natural sinks, like forests, to remove CO2 
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from the atmosphere. While CO2 emissions come from a variety of natural sources, 
human related emissions are responsible for the increase that has occurred in the 
atmosphere since the industrial revolution. The main human activity that emits CO2 is the 
combustion of fossil fuel (coal, natural gas and oil) for energy and transportation, although 
certain industrial processes and land-use changes also emit CO2 (United States 
Environmental Protection Agency, 2013). 
The detailed types of emissions and the impacts are shown in Table 2.  
Table 2 Types of Emission 
Source: Friedrich & Bickel, 2001 
EMISSION/BURDEN POLLUTANT IMPACT 
Benzene  Benzene  Human Health 
1,3-butadiene 1,3-butadiene Human Health  
Carbon monoxide  Carbon monoxide Human Health 
Combustion particulates Particulates Human Health  
Formaldehyde  Formaldehyde Human Health 
Ethene Ethene  Human Health  
Lead and Compounds  Lead  Human Health 
NOx NO2 Human Health 
SO2 SO2 Human Health  
SO2/NOx Aerosols Human Health 
Greenhouse gases  Global Warming  Various 
VOC/NOx Ozone  Human Health  
VOC/NOx Ozone  Crops 
SO2 SO2 Crops 
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SO2/NOx Acidity/nitrogen Crops 
SO2/NOx Acidity/Nitrogen Ecosystems 
SO2/NOx Acidity Fisheries  
SO2 SO2  Materials  
SO2/NOx Acidity Materials  
Combustion particulates Particulates  Materials soiling 
SO2/NOx Aerosols  Materials  
Land use for 
infrastructure  
 Loss of habitat 
Infrastructure networks  Habitat fragmentation  
 
Air pollution is not derived solely from shipping, but also from ports as a result of their 
activities. Likewise, this pollution has a negative impact on human health and 
environmental protection, as shown in Table 3. 
 
Table 3 Port Emissions 
Source: Alderton, 2001 
PORT AND HARBOUR RELATED POLLUTION TYPES, SOURCES AND 
ENVIRONMENTAL EFFECTS 
Type of Pollution Sources Environmental Effects 
Oil and Hydrocarbons a. Municipal and 
Industrial effluent. 
Urban and riverine 
input.  
b. Accidental spillage. 
Bilge waters,  
c. Fuel oil and ballast 
water.  
d. Marine terminals 
and refinery input.  
a. Very common pollutant in 
harbours. 
b. Large slick spills impact on 
marine wildlife  
c. The social impact of tar ball 
formation  
d. Tainting of fish and shellfish 
tissue can occur. 
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e. Dry docking/ repair 
operations. 
f. Atmospheric input. 
Oxygen demanding 
wastes  
a. Sewage outfalls 
within the port and 
from ships. 
b. Gull colonies. 
c. Fishing related 
waste.  
d. Process industry 
waste (organic) 
e. Agricultural and 
industrial riverine 
input. 
a. Organic decay giving rise to 
smelly and toxic hydrogen 
sulphide, ammonia and 
methane. 
b. Migratory salmons will not 
travel through travel 
through low oxygen water. 
c. Sea gull droppings reduce 
oxygen  and introduce 
viruses and bacteria (such 
as salmonella) 
 
Litter and garbage  a. Discharges from 
marine transport.  
b. Recreational areas 
and all harbour 
areas. 
c. Construction work 
and riverine input. 
 
a. Unsightly and a health risk 
as it encourages rats and 
gulls.  
b. Danger to wildlife and 
harbour activities. 
Heavy metals a. Riverine input,  
b. municipal and 
industrial effluents,  
c. Anti-fouling paints,  
d. chemical spillage,  
e. dredging 
disturbance 
The metals can be toxic 
and cause abnormalities in 
those organisms which 
accumulate them. Shellfish 
and algae are important bio 
accumulators. 
Solid inorganic a. Capital and 
Maintenance 
dredging,  
b. ship propeller 
disturbance,  
c. construction work,  
d. riverine input 
Water clarity in affected and 
increased suspended solids 
have smothering 
implications for sessile 
marine flora and fauna 
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Persistent pollutants  a. Persistent 
halogenated organic 
compounds such as 
PCBs are 
components of a 
variety of materials 
and effluents. The 
drins are used as 
pesticides.  
Effects are little understood 
but may be toxic or 
carcinogenic or harmless 
depending on compound. 
May affect some organisms 
more than others and in 
different ways. 
Nutrients (nitrates and 
phosphates) 
Agricultural runoff. 
Domestic and industrial 
effluents.  
Nutrients contained in 
riverine and coastal runoff 
can in certain climatic 
conditions lead to algal 
blooms and low oxygen 
conditions resulting from 
the decay of algal matter 
and eutrophication.  
Atmospheric 
pollutants 
Transport exhaust 
emissions. Volatile 
organic carbon 
compounds, cargo 
spills, construction 
work, reefer units. 
a. Poor air quality, 
greenhouse effect. 
b. The oxides of nitrogen and 
sulphur cause acidification 
by wet and dry deposition. 
c. Harmful organic nitrate 
compounds may also be 
formed. 
Noise Virtually all activity but 
especially repair, 
maintenance and 
construction work 
Health threat and nuisance. 
Disturbance to local wildlife 
Odours Cargo/materials 
storage, leakage, 
disposal 
Local nuisance with possible 
toxic consequence.  
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2.1.1 Kyoto Protocol  
 
In December 1997, the United Nations also adopted another agreement related to 
Greenhouse Gases (GHG) which is the United Nations Framework Convention on 
Climate Change (UNFCCC): Kyoto Protocol. This protocol encouraged the parties to 
reduce emissions, as follows:  
 
a. The parties included in Annex I should pursue limitation of emissions of GHG not 
controlled by the Montreal Protocol from Aviation and Marine Bunker Fuels, working 
through the International Civil Organization (ICAO) and the IMO (Nakazawa, 2013). 
 
b. The parties included in annex I shall ensure that their aggregate anthropogenic 
carbon dioxide equivalent emissions of the greenhouses gases do not exceed their 
assigned amount, with a view to reducing their overall emissions of such gases by at 
least 5 percent below 1990 levels in the commitment period 2008 to 2012  
(Nakazawa, 2013). 
 
2.1.2 Low Sulphur Policy 
 
Presently, low sulphur policy is becoming a popular discussion due to the announcement 
made by the IMO, stating that at the beginning of 2015, all vessels passing through the 
Sulphur Emission Control Areas (SECAs) must use low sulphur fuel; otherwise, access 
will be denied to these areas.  IMO (2013) defined ECAs in Annex VI, appendix III.  
 
In these areas it has been demonstrated that the emissions into the atmosphere from 
international shipping have a particularly adverse effect in adjacent land areas on either 
public health or the wider environment. Therefore, in an ECA, lower limits are applied to 
Nitrogen oxide (NOx), sulphur oxide (SOx) and particulate matter emissions or all three 
types of emissions (International Maritime Organization, 2013). 
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For NOx control (Tier III-generally applicable to ships constructed on or after 1 January 
2016 operating in a designated ECA): 
1. North American Area-this covers up to 200 miles from the coastlines of much of the 
USA (including Hawaii) and Canada together with the territorial waters of Saint Pierre 
et Miquelon; 
2. United States Caribbean Sea area. 
For SOx and particulate matter control: 
1. Baltic Sea area as shown in Figure 2 in blue colour; 
2. North Sea area as shown in Figure 2 in blue colour; 
3. North American area-as above (with an entry into force date of 1 August 2011) as 
shown in Figure 2 in green colour; 
4. United States Caribbean Sea area (with an entry into force date of 1 January 2013) 
as shown in Figure 2 in green colour. 
Figure 2 ECA Areas 
Source: Valeska Giebel, 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 - 17 - 
 
Each ECA area has different limits for SOx and particulate matter emissions. For outside 
the ECA after 1 January 2020 the limit will be 0.50%, and for inside the ECA after 1 
January 2015, the limit will be 0.10%, as shown in Table 4.  
 
Table 4 ECA Policies (Inside and Outside) 
Source: Radu & Grandidier, 2012 
 
The limitations based on MARPOL Annex VI, MARPOL Annex VI Amendments and EU 
Directives as shown in Table 5. 
Table 5 ECA Policies 
Source: Trozzi 
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In a conference held by the European Sea Ports Organisation (ESPO) on May 14-16, 
2014, in Gothenburg, Sweden, the implementation of 0.1 % sulphur policy was becoming 
an important issue. The researcher, who was part of the conference observed that some 
of the participants had doubts that the policy could be implemented in January 2015, 
since many countries were not prepared due to lack of capital to purchase scrubbers or 
other technologies. Furthermore, they were questioning their representatives in the IMO 
that had agreed to this policy without considering their countries’ financial conditions.  
 
Peter G. Vecchio, Associated Professor of Navigation and Marine Transportation, Chief 
Mate (Relief) TS Empire State, on the 12th of July, 2014 in the Copenhagen Field Study, 
mentioned the implementation of low sulphur policy had forced ship owners to come up 
with a strategy which is changing their fuel before entering ECA/SECA. Nonetheless, this 
effort was not easy because it would take time and energy to change from Marine Diesel 
Oil/MDO or Heavy Fuel Oil (HFO) to Low Sulphur Oil (LSFO). Schinas & Stefanakos 
(2012) explained that the MARPOL Annex VI case is not so simple, as the ships are faced 
with higher operating costs and they trade in seas, where different regulations apply. The 
rule is not universal and it is possible that the operator is confronted with different 
regulatory requirements in different seas. Assume a container ship engaged in the 
transatlantic routes; the seas close to the coastline of the EU and of the US are ECA 
while the high seas are not, meaning that in the ECA the ship has to burn the expensive 
Low-sulfur Heavy Fuel Oil (LSHFO) and in the ocean Heavy Fuel Oil (HFO). Setting aside 
operational risks and complexity of the propulsion system, the difference of the quality 
and of the price of these bunkers consists a risk, if not a financial burden to the financial 
viability of the ship. 
 
2.1.3 National Law 
 
As one of the world is emerging country, Indonesia’s economic growth has been 
increasing significantly, as shown in the growth in gross domestic product (GDP) 
moderated to 5.8% in 2013 from an average of 6.3% over the previous 3 years, as 
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investments decelerated sharply. This condition was triggered by the increase of 
population in Indonesia, which is around 250 million; therefore, to fulfill the national 
requirements, Indonesia needs to build numerous factories and import various products 
from around the world.  
 
Nevertheless, the increase of goods has influenced the increase in the number of water 
or inland transportation. Additionally, the increase of transportation has a negative impact 
on the environment and human health. Hence, in order to reduce emissions, the 
government ratified the MARPOL 73/78 Convention (accession) (with the exception of 
Annexes III, IV and V of the convention), with a date of signature or deposit of instrument 
21 October 1986, and date of entry into force or succession 21 January 1987 (IMO, 2013). 
The political desire of a state to accede to or ratify MARPOL is fundamental. Developing 
countries may wish to become Parties to MARPOL as a result of:  
(1) Marine environmental concerns for waters under their jurisdiction; 
(2) Concerns over air quality, which affects the population, or land areas under their 
jurisdiction;  
(3) Benefits to their ship owners (worldwide acceptance of ships); 
(4) Benefits to their ports (means of control of pollution); or concern for the worldwide 
environment (IMO, 2013, p. 29).  
 
As a follow up of the international regulation above, the Indonesian government issued   
national regulations related to emissions reduction, such as Indonesian Environmental 
Protection and Management Law No. 32, 2009, and Government Regulation No. 41, 
1999 regarding Emissions Control.  
 
2.2 Climate Change and Greenhouse Gas (GHG) 
 
The increase of ship emissions will influence the decrease of environmental protection 
and human health because ships’ emissions consist of various chemical particles, such 
as Nitrogen Oxide (NOx), Sulphur Oxide (SOx) and Particulate Matter (PM) and Carbon 
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Dioxide (CO2). Among these emissions, CO2 has a big impact on GHG and climate 
change.  Other entities emitting CO2 include factories and inland transport (car, truck, 
train and etc.). 
 
Figure 3 Greenhouse Effect 
Source: www.fao.org 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Trujilo and Thurman (2011, p. 477) explained that the conversion of fossil fuels (oil and 
natural gas) into energy by cars, factories, and power plants accounts for the majority of 
the annual human contribution to carbon dioxide emissions, with industrialized nations 
contributing the most as shown in Figure 3. As a result of human activities, therefore, 
atmospheric concentration of carbon dioxide has increased nearly 40% over the past 250 
years-and especially in the past 50 years-human activities have been responsible for 
raising the concentration of greenhouse gases in the atmosphere at an ever increasing 
rate (Trujillo & Thurman, 2011, p. 477).  
 
Edgerton (1991) also described that although this “greenhouse effect” is a natural 
phenomenon. It is widely believed that human actions have caused it to increase at an 
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unprecedented rate. In the past century, heavy industrial use raised the naturally 
occurring levels of carbon dioxide by more than 25 percent and significantly increased 
the levels of methane, nitrous oxide, and chlorofluorocarbons (Edgerton, 1991).  
 
Therefore, it is evident that CO2 is considered as the major contributor to the greenhouse 
effect. The concentration of atmospheric carbon dioxide is currently 387 parts per million 
and is increasing by about 2 parts per million each year; this rate of increase is double 
that from 50 years ago. In terms of sheer numbers, humans are now pumping into the 
atmosphere more than 8 billion metric tons (8.8 billion short tons) of CO2 each year 
(Trujillo & Thurman, 2011, p. 477).  
 
Based on the Fourth Intergovernmental Panel on Climate Change (IPPC) report 2007, 
the temperature increase observed since the mid-20th century is likely due to human-
caused emissions, with the probability of human influence upgraded to greater than 90% 
certainty. This IPPC report clearly documents the fact that by adding emissions to the 
atmosphere, humans are altering global climate and are producing significant impacts on 
physical and biological system worldwide (Trujillo & Thurman, 2011, p. 475). 
 
The greenhouse effect gets its name because it keeps the earth’s surface and lower 
atmosphere warm in a way similar to a greenhouse that keeps plants warm enough 
regardless of outside conditions. Energy radiated by the Sun covers the full 
electromagnetic spectrum, but most of the energy that reaches Earth’s surface is short 
wavelengths, in and near the visible portion of the spectrum. In a greenhouse gas, 
shortwave sunlight passes through the glass or plastic covering, where it strikes the 
plants, the floor, and other objects inside and is converted into longer-wavelength infrared 
radiation (heat). Some of this heat energy escapes from the greenhouse and some is 
trapped for a while by the glass or plastic covering which keeps the greenhouse nice and 
snug-much like what happens in earth’s atmosphere, as shown in Figure 4 (Trujillo & 
Thurman, 2011, p. 476). 
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Figure 4 Greenhouse Effect 
Source: www.greenhousesonline.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These gases are warming the earth at an unprecedented rate. If current trends continue, 
they are expected to raise the earth’s average surface temperature by at least 1.5 degree 
to 4.5 degrees Celsius. Therefore, ice in the Arctic and much more in the Antarctic has 
been melting causing the increase of the sea level. The extent of the Arctic sea ice has 
decreased by 14% since 1972. In August 2005 the ice cap shrank to its smallest recorded 
extent. By 2080 sea ice is expected to disappear in the summer months (Dow & Downing, 
2006, p. 23).  Clarke added that a major impact of climate change on the oceans is sea 
level rise, since sea water expands as it warms. Over the past decade, satellite altimetry 
observed a global sea level rise 3.1 ± 0.7 cm (Clarke, 2008, p. 20). 
 
Furthermore, numerous coral reefs have been dying due to lack of oxygen in the 
atmosphere. Consequently, this condition reduces the number of fish in the sea, due to 
a lack of food which they usually obtain from the coral reefs as shown in Figure 5. Rising 
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sea levels are expected to lead to the loss of coastal ecosystems (including wetlands and 
estuaries) and coastal protection systems (such as mangroves and coral reefs), as well 
as coastal barriers, ports, coastal agriculture and critical habitats (Edgerton, 1991).  
 
Edgerton (1991) described coral reefs as living animals that produce nutrition that fish 
need and a good place for spawning, hence, many fishes live within coral reefs. The dying 
of the coral reefs has become a disadvantage for the fishermen; they can lose their 
livelihood due to the lack of fish.  Nevertheless, the essence is that the earth is in a 
dangerous situation; therefore, if countries in the world do not pay attention to their impact 
on the environment and act accordingly, the earth will be gone. 
 
Figure 5 Coral Reefs and Sea Animals 
Source: Olof Linden’s Lecture, 2013 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3 Externality Cost 
 
Ship transport accounts for the overwhelming majority of world global trade; therefore, 
seaborne trade and ports have a large contribution to the increase of emissions. The 
emissions of all these pollutants can be associated with a cost for, e.g., premature deaths, 
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hospital treatment, and lower harvest of crops, damaged ecosystems, and decomposition 
of buildings. On the other hand, there are also typically costs associated with measurers 
to reduce these emissions (more expensive fuels, abatement equipment) which would 
increase the price for transporting goods if they were to be realized (Fridell, Jerksjo, Wolf, 
& Belhaj, 2009, p. 2).  
 
These situations are generally described as “externalities” as some costs are external to 
those who cause them-i.e. not part of prices as by transport users. Bridging this gap is 
called the internalization of external costs which means that someone making a journey 
should pay the real costs of that journey (European Commission, 1996, p. 2). These costs 
usually denoted as “external costs” or “externalities” as opposed to internal costs, such 
as fuel, salaries for drivers, vehicle repair, and road toll, which are paid by the transport 
provider and thus ultimately by their customers (Fridell, Jerksjo, Wolf, & Belhaj, 2009, p. 
3).  
 
Regarding the externality cost, Prof Dr.-Eng. Orestis Shinas, Course Head, Professor of 
Shipping at Hamburg School of Business Administration (HSBA), in the Hamburg Field 
Study, on June 2014, mentioned it is difficult to internalize the externality cost into price 
because many factors need to be considered. Nevertheless, internalizing the externality 
cost is important because a businessman needs to recognise the amount of externality 
cost because it will be distributed to its customers.  
 
A 2007 paper in a peer-reviewed journal reported that ship emissions led directly to 
60,000 deaths annually, mostly near coastlines in Europe, East Asia and South Asia. The 
number of people whose health is impacted detrimentally by emissions from ships is 
certainly far greater. The paper estimated the societal costs related to these fatalities 
alone at over EUR 200 billion (Martelin, Skinner, & Fazlagic, 2010). 
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2.4 Sustainable Development for Port 
 
The reduction of ships’ emissions is part of sustainable development for ports because 
the environmental protection and human health can be achieved by reducing ships’ 
emissions. Furthermore, it can benefit the next generations. There are numerous 
definitions regarding sustainable development. Alina Prylipko, WMU Student, in her 
dissertation, 2013, found various definitions related to sustainable development, as 
shown below: 
 
a. UNESCO understands sustainable development as numerous processes to achieve 
sustainability, which is “a paradigm for thinking about the future in which 
environmental, societal and economic considerations are balanced in the pursuit of 
an improved quality of life”;  
b. FAO defines sustainable development as “the management and conservation of the 
natural resource base, and the orientation of technological and institutional change in 
such a manner as to ensure the attainment and continued satisfaction of human 
needs for present and future generation”.  
Meanwhile sustainability is understood as multi-dimensional concept “ensuring 
human rights and well-being without depleting or diminishing the capacity of the 
earth's ecosystems to support life, or at the expense of others well-being”; 
sustainability has four dimensions environmental integrity, social well-being, 
economic resilience and good governance;  
c. WHO uses the term sustainable development referring to a concept aimed at 
“achieving an economic system that can continue to grow, at least over the 
foreseeable future”, while sustainability means that “economic development must 
occur within the constraints of maintaining intact the ecosystems that support human 
societies”;  
d. UNIDO and ILO seem to use the terms sustainable development and sustainability 
interchangeably.  
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The world commission on Environment and Development in its 1987 report, our common 
future, defined sustainable development as development that ’’meets the needs of the 
present without compromising the ability of future generations to meet their own needs.’’ 
Thus economic growth was linked to environmental protection (UNCTAD, 1993, p. 2). 
 
Alderton (1999) defined that the objectives of Sustainable Development in a port are: 
 
a. In terms of action an environmental sensitive port development objective must involve 
a balance between the exploitation of resources, the direction of investments, the 
orientation of technological development and institutional change. 
 
b. To achieve between the viable commercial sustainability of the port’s performance 
and the sustainability of the port’s total environment (Alderton, 1999). 
 
How is sustainable development linked to ports? UNCTAD (1993) explained that ports 
are strategically located at the interface of sea and land. They are busy commercial, 
industrial and transport nodes playing a key role in the economic development of their 
countries. However, there are risks of environmental deterioration to sea, land and air in 
most ports, resulting from possible accidents occurring in the port area, or even from the 
day to day port operations and port development activities: effluent and water discharge, 
garbage, noise, dust, maintenance and dredging. In addition, most ports have fuelled the 
development of neighbouring cities, which in turn contribute to environmental 
deterioration: sewage, air pollution, traffic, noise (UNCTAD, 1993, p. 3). 
 
Tan Suan Jow, Director Shipping Maritime and Port Authority of Singapore (MPA), has 
responded to the researcher’s interview form, on 5th of August, 2014, defined sustainable 
development for ports. He believed that in the future, port will need to operate in a more 
sustainable way than before. This means ports will need to be more efficient in using its 
resources, such as be more environmental friendly with less emissions of pollutants and 
greenhouse gases. Furthermore, the vessels within the port can operate in a safe and 
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secure manner without too much delay in carrying out their routine business. While it 
sounded simple and straight forward, there are many parts that will require forward 
planning and effort to realise a sustainable port.   
  
2.5 Shore Side Electricity 
 
Shipping is one of the most energy efficient ways to transport goods and people. But due 
to large emissions of sulphur dioxide, nitrogen oxides and particles there are requests to 
finding ways to measure and decrease the emission, especially in the ports. The vast 
majority of ships’ emissions are released within 400 kilometers of the land. Coastal 
regions along busy trade routes such as the English Channel and the Straits of Malacca 
show the highest frequency of adverse health effects. Port areas are also particularly 
exposed to these emissions, as ships calling in port currently use diesel auxiliary engines 
for their power needs. Container ships can use as much as 6 MW during port operations, 
Ro-Ro/car carrier vessels from 1 to 3 MW, and cruise ships up to 10 MW. Port visits can 
last from just an hour to several days. The total power consumption for all ships in a large 
port over a year can be compared to the total power consumption for some developing 
countries (Martelin, Skinner, & Fazlagic, 2010).  
 
There are several technologies to mitigate the environmental impact in ports; such as 
shore side electricity.  It is a technology that allows the ship to connect to the land based 
electricity grid. Shore side electricity is sometimes called on shore power supply or shore 
based power supply or cold ironing. "Cold ironing" is specifically a shipping industry term 
that came into use when all ships had coal-fired engines.  When a ship is tied up at a 
port, there was no need to continue to feed the fire and the iron engines would literally 
cool down, eventually going completely cold – hence the term "cold ironing". 
 
If commercial ships can use shore-supplied power for services such as cargo handling, 
pumping, ventilation and lighting while in port, they need not run their own diesel engines, 
reducing air pollution emissions ("Shore Power," 2014). 
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Figure 6 Shore Side Electricity Mechanism 
Source: Dhupia, Adnanes, Lee, & Kennedy, 2011 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 Connection Practicalities 
Source: Jiven, 2014 
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The mechanism of shore side electricity is not complicated because it connects a cable 
from ship to shore. The electricity is supplied by a power plant (usually outside port) to 
the substation (inside port). From the substation, the electricity is distributed to the 
connection point or seaside terminal, as shown in Figures 6 and 7. 
 
Many developed countries have been developing this facility, such as in the US, Europe 
and Scandinavian countries as shown in Table 6. One port in the US which succeeded 
in developing this facility is the Port of Los Angeles. The Port of Los Angeles now claims 
to have more berths for ships to plug into shore side electricity than any port in the world 
("Shore-side Power Takes Hold," 2014). Furthermore, all these efforts are based on the 
US government regulations. Under the regulation which applies to container and 
refrigerated vessels as well as cruise ships calling at California ports, at least 50% of fleet 
vessel calls must shut down their auxiliary engines and run their vital on board systems 
by plugging into shore side electricity.  
 
The Port of Los Angeles and Long Beach commissioned a study of NOx emissions from 
ships calling at their ports from 1 June 2002 to 31 May 2003. This study analyzed the 
relative amounts of emissions created by ships’ main propulsion engines and their 
auxiliary engines. This study demonstrated that as much as one-third of ships NOx 
emissions were created while the ship was docked at the quay. These emissions 
amounted to an average of 13 tons of NOx per day, which is equivalent to approximately 
13 million car emissions per day (Martelin, Skinner, & Fazlagic, 2010). 
 
The implementation of shore side electricity is easily applied to passenger vessels 
because they have regular lines, and ports do not have to provide shore side electricity 
with different capacities, because in some countries, they have different electrical 
systems, like 220-240 volt electric range with 50 Hertz or 60 Hertz frequency and others 
have 100-127 volt electric range in 50 Hertz or 60 Hertz frequency. Anna Jivén, Interim 
Environmental Manager Gothenburg Port Authority that the researcher met during the 
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European Sea Ports Organisation (ESPO) Conference on May 14-16, 2014, in 
Gothenburg, Sweden, mentioned that: 
Most of the vessels that using shore side electricity are Ro-Ro vessels because 
they have regular trips to Gothenburg, and most of them are using the same type 
of ship. This is an advantage for port because port do not have to provide a 
different electrical system. Furthermore, she believed this technology can be 
implemented to other vessel when the regulation becomes mandatory (Anna 
Jivén, 2014). 
 
The cruise industry has been the focal point of studies related to emissions in or near port 
areas, as they are large power consumers. A 2009 report for the European Commission 
on cruise tourism explored the environmental factor in cruise tourism, and specifically 
emissions released in ports. This study reported that cruise ships in EU ports in 2009 
released over 20,000 ton of NOx, 650 ton of SOx, 1 million tons of CO2 and 2,000 ton of 
PM. The study attached an economic cost to the EU’s largest ports in terms of cruise ship 
emissions; in Barcelona, this equaled over EUR 35 million per year, in Naples EUR 23 
million and Piraeus EUR 19 million (Martelin, Skinner, & Fazlagic, 2010). 
 
The US government regulations also require that each fleet reduces its total at-berth 
emissions generation by at least 50% increasing to 80% by 2020. Plugging into electric 
power reduces ship engine emissions by up to 95% per call ("Shore-side Power Takes 
Hold," 2014). The port of Los Angeles at least has invested $ 180 million to develop shore 
side electricity at 25 container and cruise berths at the port. Instead of ports, shipping 
companies have been investing a lot of money in retrofitting their ships in order to fulfil 
the regulation. Retrofitting a ship to plug into shore side power can range from                       
$ 500,000.00 to $ 1.5 M ("Shore-side Power Takes Hold," 2014).  
 
Cold ironing or shore side electricity was a concept developed as shipping lines came 
under pressure to reduce vessel emissions when berthed.  The port of Los Angeles, with 
the benefit of a municipally-owned power station, has led the way with China Shipping’s 
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new terminal and NYK’s  Yusen Terminal both able to offer shore based power to visiting 
ships (Porter, 2008). Nevertheless, some countries are not ready to provide shore side 
electricity due to technical and financial challenges.  
 
The United States and the world can minimize global warming by taking decisive action 
now. Increased energy efficiency and the development of renewable energy sources can 
lead the way. Halting the global production and use of harmful chlorofluorocarbons, 
reducing global carbon dioxide emissions, and stopping deforestation, if accomplished 
soon, can greatly lessen the risk of catastrophic global climate change and buy time for 
the development of technological solutions (Edgerton, 1991).  
 
Instead of the environmental impact of emissions on air, ships using auxiliary engines in 
port create significant amounts of noise and vibration. While these effects are felt 
primarily by passengers and workers in the port area, they can also significantly impact 
the local environment in port areas. Noise and vibration are usually part of ports’ 
environmental permits, and noise and vibration levels can effectively put a damper on 
port expansion in some cases (Martelin, Skinner, & Fazlagic, 2010). What must be noted 
is the fact that this facility can reduce ship emissions and noise pollution, however, it will 
be meaningless if the source of energy is using a coal powered plant because this will 
produce higher pollution.  
 
Comparing the relative merits of shore-based power generation and ship-based power 
generation depends obviously on the nature of the feedstock and the nature of the power 
generation. At one extreme, a ship running its diesel auxiliary engines on relatively clean 
fuel will have a much smaller environmental footprint than a coal power plant producing 
the same amount of electricity. At the other extreme, a ship running its engines on 
relatively dirty fuel will have a much larger environmental footprint than a wind power 
plant producing the same amount of electricity (Martelin, Skinner, & Fazlagic, 2010). 
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Table 6 Ports with SEE and Considering SEE 
Source: Port of Gothenburg, 2014 
No. Ports with Shore Side Electricity No. Ports Considering 
Shore Side Electricity 
1 Gothenburg 15 Pittsburg 1 Richmond 15 Tacoma 
2 Antwerp 16 Prince Rupert 2 South Carolina  16 Richmond 
3 Helsinborg 17 Rotterdam 3 Georgia 17 Talinn 
4 Juneau 18 San Diego 4 Houston 18 Tokyo 
5 Karlskrona  19 San Francisco  5 Genoa  19 Nagoya 
6 Kemi 20 Seattle 6 Rome  20 Yokohama 
7 Kotka 21 Shanghai 7 Barcelona  21 Livorno 
8 Long Beach 22 Schenzen 8 Kaosiung  22 Hong Kong 
9 Los Angeles 23 Stockholm 9 Bergen  23 Helsinki 
10 Lubeck 24 Trelleborg 10 Amsterdam  24 Riga  
11 Osaka 25 Vancouver 11 La Havre  25 Venice 
12 Oslo 26 Ystad 12 Marseille    
13 Oulu 27 Zeebrugge 13 Civitavecchia    
14 Pitea    14 Oakland   
 
2.6 Overview of the Port of Tanjung Perak  
2.6.1 PT Pelabuhan Indonesia III (Persero) 
 
The Port of Tanjung Perak is managed by an Indonesian state owned company,                     
PT Pelabuhan Indonesia III (Persero) (hereinafter called ’’PT Pelindo III (Persero)’’) 
which was established by Notary Deed No. 5, 1 December 1992 by Deed of Imas 
Fatimah. PT Pelindo III (Persero) has 17 branches, which are the port of Tanjung Perak 
(Surabaya), Terminal Petikemas Semarang (Semarang), the port of Tanjung Emas 
(Semarang), the port of Banjarmasin (Banjarmasin), the port of Tanjung Intan (Cilacap), 
Port of Gresik (Gresik), the port of Tanjung Wangi (Tanjung Wangi), the port of Benoa 
(Bali), the port of Tenau Kupang (Kupang), the port of Sampit (Sampit), the port of Kota 
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Baru (Kota Baru), the port of Lembar (Lombok), the port of Tanjung Tembaga 
(Probolinggo), the port of Kumai (Kumai), the port of Celukan Bawang (Bali), the port of 
Bima (Bima) and the port of Maumere (Maumere) as shown in Figure 8 with the blue 
circles.  
  
In addition to these branches, PT Pelindo III (Persero) has subsidiary and affiliation 
companies, which are PT Terminal Petikemas Surabaya (TPS), PT Berlian Jasa Terminal 
Indonesia (BJTI), PT PHC Surabaya, PT Pelindo Marine Services (PMS), PT PORTEK, 
PT Ambang Barito Nusa Persada, PT Jasa Marga Bali Tol and PT Pelindo Daya 
Sejahtera. This research involved PT TPS, PT BJTI and PT Pelindo Marine Services as 
the research samples because these companies are located in the port of Tanjung Perak 
Surabaya and they provide port services, particularly ship services.  
 
Figure 8 Indonesia Map and Port Locations 
Source: www.pp3.co.id, 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
In 2012-2013, the number of containers handled by PT Pelindo III (Persero) increased 
significantly, from 3 million to 4 million TEUS because there was a change in transporting 
goods from bag cargo to containers. The cargo owners preferred to use bag cargo moved 
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by container vessels instead of general cargo vessels due to safety and quality reasons, 
therefore, as can be seen in Figure 9 the amount of general cargo in 2012-2013, 
decreased from 21 million tons to 19 million tons. 
 
Figure 9 Port Commodities Throughputs 
Source: PT Pelindo III (Persero), 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.6.2 The Port of Tanjung Perak  
 
The Port of Tanjung Perak is one of the largest ports in Indonesia, rated 46th in the world 
with a throughput around 3 million TEUS with vessel traffic more than 14,000 units as 
shown in Figure 10, after the port of Tanjung Priok, the first largest port in Indonesia, with 
a throughput of 6.10 million TEUS and number 22nd in the world ("World Shipping Council 
- Partners in Trade," n.d.). 
 
2009 2010 2011 2012 2013
CONTAINER (Box) 2,468,368 2,666,322 2,949,980 3,256,549 3,415,051
CONTAINER (TEU's) 2,989,711 3,244,762 3,585,640 3,940,055 4,137,377
DRY BULK (TON) 94,359,734 87,674,729 75,567,099 59,968,943 40,416,089
LIQUID BULK (TON) 6,060,549 5,383,662 8,656,180 10,253,201 11,257,659
GENERAL CARGO (Ton/M3) 16,581,902 16,650,539 17,649,344 21,870,116 19,806,253
 -
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Figure 10 Ships Traffic in the Port of Tanjung Perak 
Source:  PT Pelindo III (Persero), 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Port of Tanjung Perak has two kinds of working areas which are called ’’Daerah 
Lingkungan Kerja Daratan’’ (DLKR), shown in blue colour and ’’Daerah Lingkungan Kerja 
Perairan (DLKP), shown in purple colour in Figure 12. DLKR is for landside activities such 
as warehousing, Cargo Distribution Centre (CDC) and Cargo Consolidation Centre 
(CCC) and cargo or container handling.  
 
DLKP is for seaside activities, such as piloting, tugging, ship anchoring, ship berthing, 
and ship to ship transfer. These working areas are based on government regulations, 
Indonesia Law No. 17, 2008 and Government Regulation No. 61, 2009. These rules also 
regulate about the function of port operator and port authority. The function of port 
operator is to operate port. It can be operated by a state owned company like                         
 
2009 2010 2011 2012 2013
SHIP (UNIT) 14,472 13,647 13,716 11,084 14,198
GT 55,540,270 57,922,814 66,434,209 55,642,731 76,293,701
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PT Pelabuhan Indonesia III (Persero), private company, and local government. While, 
the function of port authority is to regulate port operator by issuing rules related to 
maritime aspects, like safety, environment and navigation. Initially, all commercial ports 
in Indonesia were managed and monopolized by four state owned companies. These 
companies also performed as an operator as well as a regulator. However, based on 
these regulations they could not monopolize anymore and they could not perform as an 
operator as well as a regulator. The main reason behind these regulations is to improve 
port operators’ performances by allowing a competition between ports. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Port of Tanjung Perak is located in Surabaya, Indonesia and has six terminals, which 
are Jamrud Terminal (General Cargo and Dry Bulk), Mirah Terminal (General Cargo and 
Liquid Bulk), Berlian Terminal a container terminal operated by PT BJTI, Nilam Terminal 
(Container), Kalimas Terminal (General Cargo) and Terminal Petikemas (TPS) a 
container terminal operated by  PT TPS as shown in Figure 13. 
 
Figure 11 Port Channel 
Source: PT Pelindo III (Persero), 2014 
Figure 12 Port Working Areas 
Source: PT Pelindo III (Persero), 2014 
 
  
No. AREA GEOGRAPHICAL 
POSITIONS 
1 A 112 34’ 29.4931” E 
6 46’ 12 .4779” S 
2 B 112 52’ 28.1433” E 
6 46’ 8.6508’’ S 
3 C 112 52’ 29.7901” E 
6 53’ 11.6467’’ S 
4 D 112 49’ 7.1564” E 
6 50’ 49.1462’’ S 
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Figure 13 The Port of Tanjung Perak Map 
Source: PT Pellindo III, 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.6.2.1 The Port of Tanjung Perak’s Facilities 
 
Table 7 Terminal Descriptions 
Sources: Terminal Descriptions 
 
 Jamrud Mirah Berlian  Nilam  Kalimas  TPS 
Wharf Length 
(M) 
2.190 640 1.620 930 2.270 1.450 
Yard Wide (M) 34.000 24.000 40.000 40.000 4.000 490.000 
Warehouse 
Wide (M) 
 
43. 265 13.450 11.375 - 6.180 10.000 
 
 
 
 
Figure 13 Port Map
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Table 8 Open Storage Facilities 
Source: www.perakport.co.id, 2014 
 
NO. DESCRIPTION M2  WIDTH 
1 Kalimas Open Storage  M2 3,520 
2 Mirah Open Storage  M2 13,174.40 
3 Nilam Open Storage  M2 344,880 
4 Berlian Open Storage  M2 28,600 
5 Jamrud Open Storage  M2 39,169.98 
 TOTAL  M2 119,344.38  
 
Table 9  Warehouse Facilities 
Source: www.perakport.co.id, 2014 
 
NO. DESCRIPTION M2 WIDTH 
1 Jamrud Warehouse M2 36,598.43 
2 Perak Warehouse M2 724.85 
3 Mirah Warehouse M2 11,920.35 
4 Berlian Warehouse M2 1,638.75 
5 Kalimas Warehouse M2 6,060 
 TOTAL   56,942.38 
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2.6.3 PT Pelindo Marine Services  
 
PT Pelindo Marine Services (hereinafter called ’’PT PMS’’) is one of the subsidiaries 
company of PT Pelindo III (Persero). PT PMS is an independent business in sea 
transportation, shipping and other maritime industries, such as dredging. PT PMS was 
established by deed of Stephen R. Agus Purwanto, SH No. 08 dated December 31, 2011 
and effectively operating as a corporate entity since January 1, 2012, with its 
headquarters in Surabaya located on Jl. Prapat Kurung Utara no 58 Surabaya. PT PMS 
line of Business in are shown in Table 10. 
 
Table 10 PT PMS Services 
Source: www. pelindomarine.com 
No. Main Services No. Other Services 
1.  Sea transportation 1 Facilities and / or services in marine 
tourism around Surabaya 
2. Facilities and / or Pilotage, Tug 
& Assist Services 
2. Manage consulting services, 
surveyors, education and training 
related to ship operations 
management 
3. Towage services 3. Equipment and / or maintenance of 
vessel equipment in shipping 
4. Various Ships 4. Salvage services 
5. Facilities and shipyard service 
to maintenance and / or repair 
vessel 
  
6. Ship logistic   
7. Shipping crew   
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Figure 14 PT PMS’s Vessels 
Source: www.pelindomarine.com 
 
 
 
 
 
 
 
 
In order to support its business, PT PMS provides two shipyards located in Surabaya City 
and Semarang City, see detailed specification in Table 11. 
 
Table 11 PT PMS’s Facilities in Surabaya 
Source: www.pelindomarine, 2014 
 
SURABAYA SHIPYARD 
1 Graving dock I  
Length : 45 Meters 
Width: 12 Meters 
Depth: 5 Meters  
 1. Pump dock; 
2. OHC (Over Head Crane): 5 tons; 
3. Freshwater: 5 tons; 
4. Fuel Tank: 5 ton x 3; 
5. Workshop: 1650 square meters; 
6. B3 waste collection: an area of 120 square 
meters; 
7. Floating repair area : width 6.5 m, length of 84.5 
m; 
8. Generator sets. 
2 Graving Dock II: 
Length: 45 Meters  
Width : 12 Meters  
Depth: 5 Meters 
 
3 Graving Dock III 
Depth: 45 Meters  
Width: 12 Meters 
Depth: 5 Meters  
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Table 12 PT PMS Facilities in Semarang 
Source: www.pelindomarine, 2014 
SEMARANG SHIPYARD 
1 Graving dock I  
Length : 50 Meters 
Width: 11.5 Meters 
Depth: 5 Meters 
 1. Dock pumps  
2. Freshwater: 5 tons; 
3. Workshop; 
4. Power Supply. 
 
 
 
2.6.4 PT Terminal Petikemas Surabaya & PT Berlian Jasa Terminal 
Indonesia 
 
PT Terminal Petikemas Surabaya (Hereinafter called ’’PT TPS’’) is a subsidiary company 
of PT Pelindo III (Persero). This company is a joint venture company between PT Pelindo 
III (Persero) with Dubai Port. PT TPS is a port operator which provides services related 
to container terminals, such as loading and unloading containers and logistics 
transportation. In order to support its business, PT TPS had already complied with some 
certification, such as ISO 9001 (quality standard), ISO 14001 (environmental standard), 
OHSAS 18001 (safety and work healthy standard), the ISPS Code (ship and port facility 
security standard), C-TPAT and ISO 28000:2007 (supply chain security management 
system).   
 
Furthermore, PT Berlian Jasa Terminal Indonesia (Hereinafter called ’’PT BJTI’’) is also 
a subsidiary company of PT Pelindo III (Persero). PT BJTI is a port operator which 
provides services related to container terminals, such as loading and unloading 
containers. As a container terminal, PT TPS and PT BJTI operate numerous handling 
tools as shown in Table 13 and Table 14. 
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Table 13 Port Facilities (TPS) 
Source: www.tps.co.id, 2014 
 
 
 
 
 
 
 
 
 
 
Table 14 Port Facilities (BJTI) 
Source: www.bjti.co.id 
 
 
 
 
 
 
 
 
 
NO FACILITIES UNIT 
 TPS  
1 Container Crane  11 
2 Rubber Tyred Gantry  28 
3 Sky Stacker  3 
4 Reefer Plug 909 
5 Forklift (Electric & Diesel) 18 
6 Dolly System 58 
 
 
NO FACILITIES UNIT 
7 Head Truck 80 
8 Chassis 124 
9 Low Bed Chassis 3 
10 Cassette 90 
11 Translifter 7 
 
NO FACILITY UNIT 
 BJTI   
1 Gottwald 260 (swl 40 ton) 1  
2 Gottwald 280 (swl 60 ton)  1 
3 Gottwald 4406 (swl 100 ton) 4 
4 Liebbherr 280  (swl 100 ton) 2 
5 Liebbherr 400 (swl 104 ton)  3 
6 Liebbherr 420 (swl 120 ton)  3 
 Total  14 
 
 Stacking Equipment  
1 Rubber Tyred Gantry (6 row, 6 
tier)  
5 
2 Rubber Tyred Gantry (6 row, 4 
tier)  
4 
3 Reach Stacker (40 ton)  6 
4 Top Loader (30 ton)  1 
 Specific Equipment  
5 Grab  (5 ton)  5 
6 Grab  (7 ton) 2 
7 Grab (10 ton) 2  
8 Grab  (15 ton)  6 
9 Hopper (5 ton) 7 
10 Hopper (10 ton)  6 
11 Hopper ( 20 ton)  3 
12 Weight measurement (60 ton)  2 
13 Transportation  3 
14 Trailer  8 
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CHAPTER 3 
3.0 Methodology and Data Analysis  
 
The objective of the research is to calculate ships’ emissions in the Port of Tanjung Perak, 
Surabaya, Indonesia and their externality cost. Therefore, the ship characteristics and 
port performance indicator based on the 2013 ships traffic data needed to be identified in 
order to find the average of ships GRT, LOA, DWT, berthing times as shown in Figure 
15. Furthermore, the average capacity of ships auxiliary and main engines, emission 
factors and load factors were needed to calculate ships emissions and their externality 
cost. The ship data consist of ship type (container/general cargo/passenger vessel/liquid 
cargo/bulk cargo), shipping type (domestic/international), shipping route (irregular/ 
regular), ship specification (GRT, LOA and DWT), ship engine (main and auxiliary engine) 
and port performance such as Berthing Time.  
 
In 2013, ship traffic in the port of Tanjung Perak, had reached 14,198 units, which consist 
of 4,829 units of container vessels, 3,018 units of general cargo vessels, 705 units of 
liquid cargo vessels (oil), 485 units liquid vessels (non-oil), 263 units of dry bulk cargo 
vessels, 989 units of barge vessels, 1,019 units of tug boats, 1,265 units of passenger 
vessels, 287 units of Ro-Ro vessels, 664 units of fishing ships, and 674 units of other 
vessels. 
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Figure 15 Research Methodology 
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1 Ship Specification  
3.1.1 Container Vessels DWT, GRT and LOA 
 
Ship Specification (DWT and GRT) was calculated by using a histogram function in 
Microsoft excel program, because it helped the researcher to find the average DWT and 
GRT of all container and passenger vessels in the port. According to Figure 16, there 
were more than 1,000 units of vessels of 10,000 ton weight, and more than 800 units of 
vessels of 4,000 ton weight. 
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Figure 16 Container Vessels (GRT) 
Source: Author 
 
 
 
 
 
 
 
 
 
 
The researcher also categorized the vessels’ DWT, as shown in Figure 17, where there 
were around 1,000 units of vessels of 10,000 ton weight, and more than 500 units of 
vessels of 4,000 ton weight that visited the port. 
 
Figure 17 Container Vessels (DWT) 
Source: Author 
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Based on the LOA calculation, as shown in Figure 18, there were around 2,000 units of 
vessels of 150 meters in length, and 1,500 units of vessels of 100 meter in length berthing 
at the Port of Tanjung Perak. 
Figure 18 Container Vessels (LOA) 
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1.2 Passenger Vessels GRT, DWT and LOA 
 
The passenger vessels’ Gross Tonnage (GRT), as shown in Figure 19, defined that there 
were more than 700 units of vessels of GRT 10,000 tons, and around 200 units of vessels 
of GRT 3,000 tons. Consequently, the increase of ship gross tonnage was caused by the 
increase in imported goods into Indonesia. Therefore, the size of vessels were getting 
bigger with the purpose of becoming more effective and efficient. At the moment, 
numerous passenger vessels have been modified as passenger and cargo vessels due 
to transport competition. 
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Figure 19 Passenger Vessels (GRT) 
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Moreover, the passenger vessels’ Dead Weight Tonnage (DWT) as shown in Figure 20, 
depicts that there were more than 200 units of vessels of 3,000 ton weight, 350 units of 
vessels of 2,000 ton weight, and 100 units of vessels of 10,000 ton weight. 
 
Figure 20 Passenger Vessels (DWT) 
Source: Author 
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Furthermore, the passenger vessels’ length, as shown in Figure 21, highlights that there 
were more than 900 units of vessels of 150 meter in length, and 600 units of vessels of 
100 meter in length. 
Figure 21 Passenger Vessels (LOA) 
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
3.2 Port Performance Indicator (PPI)  
 
In this research, Port Performance Indicator (PPI) was used to calculate the average ship 
berthing time (BT). PPI is an indicator to measure a port’s physical performance (berth, 
yard, crane, shed, labour force and etc.), the financial performance and the quality 
performance (Moon, 2014).  
The researcher needed PPI to calculate the average of ships berthing times to observe 
how long ships stayed at the port and the result are shown in Table 15.  The mean 
berthing time for container and passenger vessels, in the port in 2013, were 38 hours and 
10 hours respectively. 
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Furthermore, the container vessel berthing time is better compared to general cargo 
vessel berthing time because the port has better handling tools and system (windows 
system). The windows system obliges shipping and ports to manage their schedules 
properly, for instance the vessel must arrive at port on time based on the schedule. 
Hence, the port must handle the containers on time; otherwise there will be ship 
congestion. The passenger vessel berthing time was shorter compared to the container 
vessel because they do not need special facilities for passengers to embark or 
disembark. 
Table 15 Berthing Times 
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
3.3 Emissions Calculation Formulas 
 
There are several methodologies to calculate ships’ emissions during sailing or 
manoeuvring, anchoring and berthing, and the researcher has observed four ways to 
calculate ships’ emissions.  
 
 
 
BERTHING TIME                 
(CONTAINER VESSEL) 
Mean (Hours) 38          
Standard Error 1            
Median 31          
Mode 22          
Standard Deviation 51          
Sample Variance 2,643     
Kurtosis 775        
Skewness 23          
Range 2,083     
Minimum -         
Maximum 2,083     
Sum 131,593 
Count 3,467     
BERTHING TIME                 
(CONTAINER VESSEL) 
Me n (Hours) 38          
Standard Error 1            
Median 31          
Mode 22          
Standard Deviation 51          
Sample Variance 2,643     
Kurtosis 775        
Skewness 23          
Range 2,083     
Minimum -         
Maximum 2,083     
Sum 131,593 
Count 3,467     
 
 
 
 
BERTHING TIME 
(PASSENGER VESSEL)
Mean (Hours) 10           
Standard Error 0             
Median 8             
Mode 5             
Standard Deviation 19           
Sample Variance 361         
Kurtosis 1,238      
Skewness 33           
Range 713         
Minimum 4             
Maximum 717         
Sum 15,711    
Count 1,550      
BERTHING TIME 
(PASSENGER VESSEL)
Mean (Hours) 10           
Standard Error 0             
Median 8             
Mode 5             
Standard Deviation 19           
Sample Variance 361         
Kurtosis 1,238      
Skewness 33           
Range 713         
Minimum 4             
Maximum 717         
Sum 15,711    
Count 1,550      
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The first methodology was taken from a journal written by Carlo Trozzi, a Co-Leader of 
the Combustion & Industry Expert Panel-Task Force on Emission Inventories and 
Projections, under the Convention on Long Range, with the title ’’Emission Estimate 
Methodology for Maritime Navigation’’, as follows. 
 
 
 
 
 
 
 
 
 
 
 
Carlo Trozzi introduced the different tiers and describes in detail the most complete 
methodology (tier 3) for estimating emission in cruise (open sea), manoeuvring 
(approaching harbor) and hotelling (at the dock in port).  
The methodology uses both installed capacity and fuel consumption as alternative for the 
emission estimates and take into account both the main and auxiliary engines. Where 
fuel consumptions and emissions can be computed with fuel related emission factors for 
the different navigation phases (cruise, hotelling and manoeuvring) (Trozzi, n.d.).  
The second methodology was taken from a journal written by Ernesto Tzannatos from 
The department of Maritime Studies, University of Piraeus, with the title, ’’Ship Emissions 
and Their Externalities for The Port of Piraeus-Greece’’ as follows: 
 
 
 
𝐸𝑀 = 𝑇𝑀 𝑥 ((𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸) + (𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
 
𝐸𝑀 = 𝑇𝑀 𝑥 ((𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸) + (𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
 
𝐸𝑀 = 𝑇𝑀 𝑥 ((𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸) + (𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
 
𝐸𝑀 = 𝑇𝑀 𝑥 ((𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸) + (𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
𝐵 𝐵 𝑥 ((𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥 𝐸𝐹𝑀𝐸) +  (𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥 𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
 
𝐵 𝐵 𝑥 ((𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥 𝐸𝐹𝑀𝐸) +  (𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥 𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
 
𝐵 𝐵 𝑥 ((𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥 𝐸𝐹𝑀𝐸) +  (𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥 𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
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Ernestos Tzannatos used the above formula to calculate ship emissions during 
manoeuvring and berthing in the port for passengers and cruise ships. The third 
methodology is taken from a dissertation written by WMU Student class 2013, Nurullah 
Hakan Peksen from Turkey, with the title, “A New Approach for Turkish Ports to Reduce 
Ship Emissions, Case Study: Application of Cold Ironing System for Marport Container 
Terminal with Investment Analysis”, with the following formula: 
 
 
 
 
 
The fourth methodology was taken from a report written by ICF Consulting, with the title, 
”Best Practices in Preparing Port Emission Inventories”, to be presented to U.S 
Emissions per port call = (Avg. Berthing Time) x (Avg. Load kW) x (Fuel 
Consumption g/kW) x (Emission Factor, g/kg fuel) 
 
 
Emissions per port call = (Avg. Berthing Time) x (Avg. Load kW) Figure 15 Bunker Priceskg 
fuel) 
 
 
Emissions per port call = (Avg. Berthing Time) x (Avg. Load kW) x (Fuel 
Consumption g/kW) x (Emission Factor, g/kg fuel) 
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Environmental Protection Agency Office of Policy, Economic and Innovation Sector 
Strategies Program, Kathleen Bailey, Port Sector Liason, as follows:  
 
 
 
E= Emissions (grams (g)) 
P=Maximum Continuous Rating Power (Kilowatts (kW)) 
LF= Load Factor (Percent of Vessel’s Total Power) 
A= Activity (hours (h)) 
EF=Emission Factor (grams per kilowatt-hour (g/kWh))  
 
 
 
LF=Load Factor (Percent) 
AS= Actual Speed (knots) 
MS=Maximum Speed (knots) 
 
3.3.1 Emission Factors  
 
In calculating Ships’ Emissions such as NOx, SOx, CO2, PM and VOC, the researcher 
needed to determine emissions factors.  There are several types of emission factors. The 
first emission factors were taken from a journal written by Ernestos Tzannatos from 
Department of Maritime Studies, University of Piraeus, with the title, ’’Ship Emissions and 
Their Externalities for The Port of Piraeus-Greece’’. Ernestos Tzannatos divided emission 
factors based on ship fuel and engine, as shown in Table 16.  
 
 
E=P x LF x A x EF 
 
 
E=P x LF x A x EFFigure 19 Bunker Price Forecast 
 
 
E=P x LF x A x EF 
 
 
E=P x LF x A x EFFigure 20 Bunker Price Forecast 
 
 
E=P x LF x A x EF 
 
 
E=P x LF x A x EFFigure 21 Bunker Price Forecast 
 
 
E=P x LF x A x EF 
 
 
E=P x LF x A x EFFigure 22 Bunker Price Forecast 
 
LF= (AS/MS)^3 
 
 
LF= (AS/MS)^3 
 
 
LF= (AS/MS)^3 
 
 
LF= (AS/MS)^3 
 
 
LF= (AS/MS)^3 
 
 
LF= (AS/MS)^3 
 
 
LF= (AS/MS)^3 
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Table 16 Emission Factors of Main and Auxiliary Engines 
Source: Tzannatos 
 
 
 
 
 
 
 
 
 
The second emission factors were taken from a journal written by Carlo Trozzi, , with the 
title ’’Emission Estimate Methodology for Maritime Navigation’’. Carlo Trozzi divided 
emission factors by ship engine type (main engine and auxiliary engine), phase (cruise, 
manoeuvring, and hotelling), and fuel type for NOx, NMVOC and PM as shown in Table 
17. 
Table 17 Emission Factors for NOx, NMVOC and PM 
Source: Trozzi 
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Furthermore, Carlo Trozzi also observed emission factors for pollutants other than NOx, 
NMVOC, PM that he took from many references such as Lloyd’s Register, as shown in 
Table 18.  
 
Table 18 Emission Factors for Pollutants other than NOx, NMVOC and PM 
Source: Trozzi 
 
 
 
 
 
 
 
 
The fourth emission factors were taken from a report written by ICF Consulting, with the 
title ”Best Practices in Preparing Port Emission Inventories”, which was presented to the 
U.S Environmental Protection Agency Office of Policy, Economic and Innovation Sector 
Strategies Program, Kathleen Bailey, Port Sector Liason, as shown in Table 19.  
 
Table 19 Auxiliary Engine Emission Factors 
Source: ICF 
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The researcher compared these formulas, and as a result, there are common emission 
factors presented by Tzannatos and ICF Consulting. In particular for NOx, SO2 and PM, 
which are 13.9 g kWh, 4.3 g kWh, 0.3 g kWh respectively.  
 
3.3.2 Main Engine and Auxiliary Engine  
 
In calculating ships’ emissions, the researcher needed to find the ship engine capacity 
and load factor first. They were found through several sources, such as Clarkson’s world 
fleet register, fleetmon vessel tracking and Indonesian classification society (Biro 
Klasifikasi Indonesia).  Since the researcher had numerous data, approximating to 8,000 
vessels, which consisted of container and passenger vessels, it was decided to simplify 
the calculation of ship main engine and auxiliary engine by using sampling data 
considering the ships’ DWT, GRT, Length and Beam, as shown in Table 20. 
 
Table 20 Container Vessels Engines 
Source: Author 
 
 
Based on the above data, in Table 20, the average DWT and GRT for the container 
vessel in 2013 were found around 6,557 tons and 5,110 tons respectively, with the 
average ship’s main engine and auxiliary engine around 4,024 kWh and 800 kWh 
respectively. 
 
NO SHIP NAME SHIP TYPE YEAR BUILT DWT (Ton) GRT (Ton) LENGTH (M) BEAM (M) MAIN ENGINE 
(kW) 
AUXILIARY 
ENGINE (kW) 
FUEL TYPE RPM
1 BINTANG JASA 33 CONTAINER 1991 4660 3818 103 16 1,995             476 HFO (IFO 180)
2 BINTANG JASA 29 CONTAINER 1981 4447 4152 101.3 17 2,736             574 HFO/MDO 600
3 MERATUS BORNEO CONTAINER 2007 5103 3668 106 20 3,895             553 HFO/MDO 750
4 MERATUS PALEMBANG CONTAINER 2007 8204 5272 117 20 5,072             599 HFO/MDO 15 (kn) 
5 BINTANG JASA 25 CONTAINER 1981 4060 2636 93.65 13.02 1,864             574 HFO/MDO 1000
6 MERATUS MAMIRI CONTAINER 1995 14454 11964 150 23 10,010           2580 HFO/MDO 135
7 BINTANG JASA 15 CONTAINER 1982 1592 1268 71.31 11.8 969                136 HFO/MDO 750
8 TIKALA CONTAINER 1989 2671 1819 79.65 13.25 759                367 HFO/MDO 408
9 MADISON CONTAINER 1990 14140 12129 156.7 22.86 8,058             1059 HFO/MDO 127
10 SINAR ARROW CONTAINER 1981 4486 4317 102.5 17 2,736             506 HFO/MDO 600
11 SINAR PADANG CONTAINER 2006 4181 2705 87 20 2,237             611 HFO/MDO 1600
12 FORTUNE CONTAINER 2008 4674 2979 95.9 15.2 1,789             373 HFO/MDO 525
13 SINAR DEMAK CONTAINER 2005 4370 2656 86.01 20 2,237             248 HFO/MDO 1600
14 MERATUS MALINO CONTAINER 1995 14454 11964 150 23 10,010           2580 HFO/MDO 135
15 MERATUS DILI CONTAINER 1997 6853 5296 118 19 5,985             766 HFO/MDO 16.5 (kn)
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Table 21 Passenger Vessels Engines 
Source: Author 
 
 
The average DWT and GRT for the passenger vessel in 2013, as shown in Table 21, 
were 2,614 tons and 8,603 tons respectively. The average main engine and auxiliary 
engine around 7,983 kWh and 1,417 kWh respectively, and the average ratio between 
the main engine and auxiliary engine is 18%. In order to confirm whether the ratio is 
correct or not, the researcher made a comparison with another study, namely the study 
from ENTEC, as shown in Table 22.  Furthermore, the table highlights that the average 
ratio in 2010 world fleet is 16%. Therefore, based on the researcher’s findings, there was 
not a wide variation in the ratio amount. 
 
Table 22 Ship Engine Ratios 
Source: Trozzi 
 
 
 
 
 
 
 
 
 
NO SHIP NAME SHIP TYPE YEAR BUILT DWT (Ton) GRT (Ton) LENGTH (M) BEAM (M) MAIN ENGINE 
(kW) 
AUXILIARY 
ENGINE (kW) 
FUEL TYPE RPM
1 LAMBELU PASSENGER 1997 3,685          14,649        166 24 12,975           1,788            HFO/MDO 428
2 LABOBAR PASSENGER 2004 3,482          15,136        146.5 23.4 17,030           2,311            HFO/MDO 500
3 KELIMUTU PASSENGER 1986 1,412          6,022          99.8 18 3,245             925              HFO/MDO 14 (k.n)
4 UMSINI PASSENGER 2007 8,204          5,272          117 20 12,973           1,789            HFO/MDO 428
5 GUNUNG DEMPO PASSENGER 2008 4,018          14,200        146.5 23 12,168           1,622            HFO/MDO 500
6 TIDAR PASSENGER 1988 3,200          14,000        144 23 12,973           1,789            HFO/MDO 428
7 DORO LONDA PASSENGER 2001 3,175          15,200        146 23 17,268           1,788            HFO/MDO 428
8 LEUSER PASSENGER 1994 1,438          6,000          99.8 18 3,243             917 HFO/MDO 600
9 BINAIYA PASSENGER 1994 1,418          6,000          99.8 23.4 3,245             917 HFO/MDO 600
10 AWU PASSENGER 1991 1,405          6,000          99.8 18 3,243             925 HFO/MDO 600
11 DHARMA KENCANA PASSENGER 1974 1,096          3,626          90 16 1,998             1432 HFO/MDO 750
12 KUMALA PASSENGER 1971 1,146          5,764          104 19 2,982             1044 HFO/MDO 600
13 SAFIRA NUSANTARA PASSENGER 1995 1,500          6,345          120.54 16.8 10,438           2050 HFO/MDO 520
14 KIRANA PASSENGER 1984 3,161          5,299          105.78 16.6 2,982             701 HFO/MDO 245
15 TITIAN NUSANTARA PASSENGER 1990 871             5,532          101.55 19.2 2,982             1,253            HFO/MDO 600
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Instead of the average ship main and auxiliary engine, engine load factor for either the 
main or auxiliary engine were determined. In the calculation the researcher used the 
estimated 40 % load of MCR (Maximum Continuous Rating) of Main and Auxiliary Engine 
for different ship capacity by ENTEC, as shown in Table 23. 
 
Table 23 Vessel MCRs 
Source: ENTEC 
 
 
 
 
 
 
 
Coupled with the results in Table 23, the results from questionnaires in relation to the 
auxiliary load factor were used this research. Most of the respondents answered 40%-
50%; therefore, there are not many variations between the results from both ENTEC and 
respondents. 
 
3.3.3 Emissions Calculation  
 
The ship emissions calculation formula from the journal written by Ernestos Tzannatos 
was used to calculate ships’ emissions at berth, because this formula focuses on 
calculation ship emissions at berth. Furthermore, the researcher needed to modify the 
formula because the researcher used the average berthing time, average main engine 
capacity, and average auxiliary engine, to calculate ship emissions at berth, as follows: 
 
 
 
𝐸𝐵 = 𝐴𝑣𝑔. 𝑇𝐵 𝑥 ((𝐴𝑣𝑔. 𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸) +  (𝐴𝑣𝑔. 𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
 
Table 11 Container Vessel Emissions Calculation𝐸𝐵 = 𝐴𝑣𝑔. 𝑇𝐵 𝑥 ((𝐴𝑣𝑔. 𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸) +
 (𝐴𝑣𝑔. 𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
 
𝐸𝐵 = 𝐴𝑣𝑔. 𝑇𝐵 𝑥 ((𝐴𝑣𝑔. 𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸) +  (𝐴𝑣𝑔. 𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸)) 𝑥 10
−6 
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3.3.4 Container Vessels Emissions 
 
Seven types of ships’ emissions were calculated, which were NOx, SO2, PM10, PM 2.5, 
CO, HC and VOC, and the results as shown in Tables 24 and 25.  
Table 24 Container Vessels Emissions Calculation  
Source: Author 
 
In terms of emission factors, the researcher used emission factors from the journal written 
by Ernestos Tzannatos and ICF Consulting, and both studies have a common result; 
therefore, these emission factors were applied in the research. 
 
Table 25 Total Container Vessels Emissions 
Source: Author 
 
 
 
NOX SO2 PM10 PM2.5 CO HC VOC
BT HOUR 38 38 38 38 38 38 38
ME kW 4,024 4,024             4,024     4,024     4,024     4,024    4,024    
LF-ME 0% 0% 0% 0% 0% 0% 0%
EF-ME g kWh-1 0 0 0 0 0 0 0
AE kW 800    800                800        800        800        800       800       
LF-AE 40% 40% 40% 40% 40% 40% 40%
EF-AE g kWh -1 13.9 4.3 0.3 0.24 1.10 0.4 0.8
TOTAL VESSEL UNIT 4,829 
CONTAINER
TOTAL EMISSIONS
NOX 0.17         TON 816.22             TON
SO2 0.05         TON 252.50             TON
PM10 0.004 TON 17.6 TON
PM2.5 0.003 TON 14.1 TON
CO 0.013 TON 64.6 TON
CO2 167.36 KG 30,711             TON
HC 0.005 TON 23.49               TON
VOC 0.010 TON 46.98               TON
TOTAL 167.62     TON 31,946.38        TON
EMISSIONS  PER VESSEL
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According to Table 24 and 25, the total ships’ emissions from container vessels in 2013 
was 31,946.38 tons. The highest emission amount in a year of CO2 is around 30,711 
tons, followed by NOx and SOx, which is approximate to 816.22 tons and 252.50 tons 
respectively. Furthermore, the lowest emissions are PM 2.5 and PM10, around 14.1 tons 
and 17.6 tons respectively.  
3.3.5 Passenger Vessels Emissions 
 
The amount of emissions from the passenger vessels is smaller than that of container 
vessels because passenger vessels had shorter berthing time, approximately 10 hours, 
compared to container vessels with around 38 hours. Additionally, the number of 
passenger vessels is smaller than container vessels. 
Table 26 Passenger Vessels Emissions Calculation 
Source: Author 
 
 
 
 
 
 
 
 
NOX SO2 PM10 PM2.5 CO HC VOC
BT Hour 10 10 10 10 10 10 10
ME kW 7,983   7,983               7,983     7,983      7,983      7,983      7,983      
LF-ME 0% 0% 0% 0% 0% 0% 0%
EF-ME g kWh^-1 0 0 0 0 0 0 0
AE kW 1,417   1,417               1,417     1,417      1,417      1,417      1,417      
LF-AE 40% 40% 40% 40% 40% 40% 40%
EF-AE g kWh^ -1 13.9 4.3 0.3 0.24 1.10 0.4 0.8
VESSEL TOTAL UNIT 1,552   
PASSENGER 
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Table 27 Total Passenger Vessels Emissions 
Source: Author 
 
 
According to Table 26 and 27, the total ships’ emissions of passenger vessels is 4,785.8 
tons. The highest emission amount in a year of CO2 is around 4,600 ton, followed by NOx 
and SOx which is approximate to 122.3 ton and 37.8 ton respectively. Furthermore, the 
lowest emissions are PM 2.5 and PM10, around 2.1 ton and 2.6 ton respectively.  
3.4 Total Energy and Cost Comparison 
3.4.1 Container Vessels Electricity Costs 
 
Total electricity produced by container vessels in 2013, as shown in Table 28, was around 
58,720,640 kWh, which cost U$ 5,660,670.00 (National Electricity Price US$ 0.0964 per 
kWh-Industrial Tariff (I-3)- Per July 2014). The ship, while using its fuel, will consume 
approximately 5,290 ton fuel which cost U$ 4,708,231.00 (Singapore Bunker Price US$ 
890 per ton/April 2013). The deviation between using on shore side electricity and fuel is 
US$ 952,438.00 meaning the electricity price is more expensive compared to fuel. 
 
 
 
 
TOTAL EMISSIONS
NOX 0.08         TON 122.3               TON
SO2 0.02         TON 37.8                TON
PM10 0.002 TON 2.6                  TON
PM2.5 0.001 TON 2.1                  TON
CO 0.006 TON 9.7                  TON
CO2 296.4364 KG 4,600.7            TON
HC 0.002 TON 3.5                  TON
VOC 0.005 TON 7.0                  TON
TOTAL 296.56     TON 4,785.8            TON
EMISSIONS PER VESSEL
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Table 28 Total Container Vessels Energy and Cost 
Source: Author 
 
3.4.2 Passenger Vessels Electricity Costs 
 
Total electricity produced by passenger vessels in 2013, as shown in Table 29, was 
around 8,796,736 kWh, which cost U$ 848,005. 00 (National Electricity Price US$ 0.0964 
per kWh). Whilst if using fuel oil, it will consume approximately 792 ton fuel which cost     
U$ 705,323.00 (Singapore Bunker Price US$ 890 per ton). The deviation between using 
on shore side electricity and fuel is US$ 142,681.00, i.e. the electricity price is more 
expensive compared to fuel. 
Table 29 Total Passenger Vessels Energy and Cost, Source: Author 
 
1 LITTER=11.69 kWh
TOTAL ELECTRICITY kWh 58,720,640        
TOTAL LITTER (CONVERT) L 5,290,148          
TOTAL FUEL TON 5,290                 
TOTAL FUEL COST US$ 4,708,231          
TOTAL ELECTRICITY COST RP 56,606,696,960 
TOTAL ELECTRICITY COST US $ 5,660,670          
DEVIATION US $ (952,438)            
TOTAL ELECTRICITY PER 
VESSEL kWh 12,160               
TOTAL ENERGY AND COST
1 LITTER=11.69 kWh
TOTAL ELECTRICITY kWh 8,796,736            
TOTAL LITTER L 792,499               
TOTAL FUEL TON 792                      
TOTAL FUEL COST US$ 705,324               
TOTAL ELECTRICITY COST RP 8,480,053,504     
TOTAL ELECTRICITY COST US$ 848,005               
DEVIATION US$ (142,681)             
TOTAL ELECTRICITY PER 
VESSEL kWh 5,668                   
TOTAL ENERGY AND COST
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3.5 Source of Energy  
 
The source of energy of shore side electricity is a crucial aspect because using a coal 
powered plant to produce this electricity instead of wind turbines or nuclear power or 
LNG, will result in higher emissions. Even though coal has a cheaper price, 400% 
cheaper compared to diesel fuel as shown in Table 30, it is not advisable to use this type 
of plant due to the effects of its high emissions.  
 
Table 30 Sources of Energy 
Source: Author 
  
 
 
By using the information in Table 32, of Coal Plants > 500 MW, According to Directive 
2001/80/EC of European Parliament and of The Council of 23 October 2001, the 
researcher was able to make a comparison between vessels’ power and coal plants’ 
emission.  For example, the amount of electricity produced from container and passenger 
vessels are 67,517,376 kWh, and in order to produce this amount of electricity, the coal 
power plant will emit 66 million gram emissions as shown in Table 31 and Table 32. 
 
 
 
 
 
COAL Rp/kg 518              
LNG Rp/ MMBTU 833              
DIESEL FUEL Rp/Litter 2,826           
TOTAL COST COAL US$ 2,936           
TOTAL COST OF LNG US$ 16,690         
TOTAL COST OF DIESEL FUEL US$ 1,494,996     
SOURCE OF ENERGY OF CONTAINER VESSEL
COAL Rp/kg 518            
LNG Rp/ MMBTU 833            
DIESEL FUEL Rp/Litter 2,826         
TOTAL COST COAL US$ 455,671     
TOTAL COST OF LNG US$ 2,500         
TOTAL COST OF DIESEL FUEL US$ 223,960     
SOURCE OF ENERGY OF PASSENGER VESSEL
1 MMBTU EQUAL 293.07 kWh
1 kWh EQUAL 0.5 kg Coal
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Table 31 Coal Plants > 500 MW According to Directive 2001/80/EC of European Parliament and of the Council of 23 
October 2001 
 
 
Table 32 Total Energy and the Amount of Emissions 
Source: Author 
 
 
3.6 Externality Cost  
 
The emissions produced by ship engines have a negative impact on the decrease of 
human health and environmental protection; therefore, the researcher calculated the ship 
externality cost by using the following guidance as show in Table 33.  Since the research 
objective is calculating emissions at port, the figures in the harbour column to calculate 
externality cost were used. 
 
 
 
 
 
Emissions Factors-Electricity Production NOX SO2 CO2 CO VOC PM PAH
(According to Article 4 (3)) 175 140 17.5 g/GJ
Complement from Vattenfall-Life Cycle Inventories g/kWh
Coal Fired Power Plants 980 g/kWh
European Commission, 1999, Meet, Estimated 2020 0.15 0.6 g/kWh
Compilation 0.63 0.5 980 0.15 0.6 0.06
Coal Plants >500 MW  according to Directive 2001/80/EC of the European Parliament and of the Council of 23 October 2001
Emission from Electricity Produced in Modern Coal Fired Power Plants > 500 MW
1 LITTER=11.69 kWh
TOTAL ELECTRICITY (CONTAINER VESSEL) kWh 58,720,640    
TOTAL ELECTRICITY (PASSENGER VESSEL) kWh 8,796,736      
TOTAL kWh 67,517,376    
TOTAL ENERGY AND COST EMISSIONS TOTAL
NOX g 42,535,947            
SOX g 33,758,688            
CO2 g 66,167,028,480    
CO g 10,127,606            
VOC g 40,510,426            
PM g 4,051,043               
TOTAL g 66,298,012,189    
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Table 33 Emissions Externality Cost 
Source: Author 
 
 
3.6.1 Container Vessels Externality Costs  
 
A guidance published by MINTC 2003 and the previously calculated emission results 
were used to calculate the total container vessels’ externality costs. Among the 
emissions, CO2 and NOx are the highest amount; therefore, both have the biggest 
externality cost which amounts to around US$ 1,572,398.00 and US$ 1,386,916.00 out 
of US$ 5,281,475.00 (the total emissions) as shown in Table 34. 
 
Table 34 Container Vessels Externality Costs 
Source: Author 
 
 
COMPOUND 
EURO/TON
OPEN SEA NEAR COAST INLAND WATERS HARBOUR SOURCES
CO 0.4 2 23 19 (Kali & Tapanien, 2008)
HC 137 153 197 148 (Kali & Tapanien, 2008)
NOX 301 397 569 1062 (Kali & Tapanien, 2008)
PM 3410 5610 9580 26880 (Kali & Tapanien, 2008)
CO2 32 32 32 32 (Kali & Tapanien, 2008)
SO2 327 547 684 2283 (Kali & Tapanien, 2008)
VOC 380 (Sanabra, Santamaría, & Osés, 2014)
EMISSIONS EXTERNALITIES IN EUROs PER TON  IN 2000  COST LEVEL (MINTC 2003) EURO/TON
EURO RP US$
NOX 0.17         TON 816.22                   TON 866,822                                                 13,869,157,497     1,386,916      
SO2 0.05         TON 252.50                   TON 576,455                                                 9,223,274,413       922,327         
PM10 0.00         TON 17.62                     TON 473,523                                                 7,576,371,855       757,637         
PM2.5 0.00         KG 14.09                     TON 378,819                                                 6,061,097,484       606,110         
CO 0.01         TON 64.59                     TON 1,227                                                     19,636,182            1,964             
CO2 167.36     TON 30,710.89              TON 982,749                                                 15,723,978,097     1,572,398      
HC 0.00         TON 23.49                     TON 3,476                                                     55,620,190            5,562             
VOC 0.01         TON 46.98                     TON 17,851                                                   285,617,193          28,562           
TOTAL 168          TON 1,100                     TON 3,300,922                                              52,814,752,911     5,281,475      
EMISSIONS PER VESSEL TOTAL EMISSIONS 
CONTAINER VESSELS
EXTERNALITY COSTEMISSIONS
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3.6.2 Passenger Vessels Externality Costs   
 
The total externality costs produced by passenger vessels is US$ 700,465.00, and the 
highest externality costs are CO2 and NOx, which amounts to US$ 235,55.00 and         
US$ 207,769.00 respectively as shown in Table 35. 
 
Table 35 Passenger Vessels Externality Costs 
Source: Author 
 
 
3.6.3 Energy and Externality Cost 
 
In this part, the researcher identified the real cost (externality cost + energy cost) of 
emissions, and the container vessel’s real cost that occur from fuel, as shown in Table 
36, which is US$ 9,989,707.00. Since, the electricity energy does not produce emissions, 
then it does not have externality costs. As a result, the real cost for electricity is cheaper 
than the fuel cost, which amounts to US$ 5,660,670 or US$ 4,329,037.00 less than the 
fuel cost. 
 
 
 
 
 
EURO RP US$
NOX 0.08         TON 122.27                   TON 129,856                                                 2,077,690,520       207,769         
SO2 0.02         TON 37.83                     TON 86,357                                                   1,381,706,842       138,171         
PM10 0.002       TON 2.64                       TON 70,937                                                   1,134,990,066       113,499         
PM2.5 0.001       KG 2.11                       TON 40                                                          641,810                 64                  
CO 0.006       TON 9.68                       TON 184                                                        2,941,629              294                
CO2 296.44     TON 4,600.69                TON 147,222                                                 2,355,554,779       235,555         
HC 0.002       TON 3.52                       TON 521                                                        8,332,268              833                
VOC 0.005       TON 7.04                       TON 2,674                                                     42,787,324            4,279             
TOTAL 297          TON 165                        TON 437,790                                                 7,004,645,237       700,465         
EMISSIONS PER VESSEL
EXTERNALITY COST
PASSENGER VESSELS
EMISSIONS
TOTAL EMISSIONS 
 - 66 - 
 
Table 36 Externality Cost and Cost of Energy 
Source: Author 
  
The passenger vessel’s real cost that occurs from fuel, as shown in Table 36 is                       
US$ 1,405,788.00. As a result, the real cost for electricity is US$ 848,005.00 or               
US$ 557,783. 00 cheaper than fuel. 
 
3.7 Bunker Prices Analysis 
 
The use of shore side electricity cannot be separated from the volatility of bunker prices, 
because the increase in bunker prices has encouraged ship owners to use renewable 
energy or environmental friendly facility; such as, LNG or shore side electricity. Therefore, 
the volatility of bunker prices had been analysed by using 14 year time series data from 
Clarkson Shipping Intelligence Network.  
Prof Dr.-Eng. Orestis Shinas (2014) explained that the increase of bunker prices will 
influence the cost structure of the industry and ship owner habit. He mentioned that 
bunker prices were not merely determined the market condition but also the future of 
industry. Nevertheless, the maritime industries will consider to use renewable energy if 
the bunker prices climb to 2,000 dollar/ton. Therefore, the selection of technology is very 
important. Otherwise, it will be meaningless. 
The bunker prices from three countries, namely Singapore, Rotterdam and Fujairah were 
analysed as shown in Figure 22. The bunker prices remained stable during 1987-2003. 
The prices were below US$ 300 per ton and in 2005 there was a significant increase; as 
a result, prices peaked in 2008, to around US$ 1,500 per ton, due to the financial crisis. 
Nevertheless, after 2008, the prices decreased, and in 2009, they reached US$ 400 per 
A TOTAL FUEL COST US$ 4,708,231      
B TOTAL EXTERNALITY COST US$ 5,281,475      
TOTAL A+B US$ 9,989,707      
C TOTAL ELECTRICITY COST US$ 5,660,670      
TOTAL (A+B)-C US$ 4,329,037      
CONTAINER VESSEL 
A TOTAL FUEL COST US$ 705,324         
B TOTAL EXTERNALITY COST US$ 700,465         
TOTAL A+B US$ 1,405,788      
C TOTAL ELECTRICITY COST US$ 848,005         
TOTAL (A+B)-C US$ 557,783         
PASSENGER VESSEL 
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ton. This condition was not for an extended period because prices started to increase 
again and reached a peak at US$ 1,000 per ton and remained stable until 2013.  
Figure 22 Bunker Prices 
Source: Clarkson Research Services Limited 
 
 
 
 
 
 
 
 
 
 
 
Furthermore, the researcher has estimated Singapore Bunker Prices (SBP) by using 9 
year time series data (2001-2009) from Clarkson Shipping Intelligence Network. The 
researcher managed the data through excel program, as shown in Figure 23.  The blue 
scatter plot is the original bunker prices with equation y =73.006x + 89.325 and R square 
= 0.726, and the orange scatter plot is the forecasted bunker prices from 2013 until 2017 
with equation y = 73.006x + 89.325 and R square = 0.726 or 73%. The result shows that 
there will be a slight increase. The estimated price in 2017 will be around US$ 1,300.00 
per ton. 
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Figure 23 Bunker Prices (Forecast) 
Source: Author 
 
 
 
The researcher also forecasted electricity prices by using 9 years data (2001-2009) from 
the U.S Energy Information Administration, as shown in Figure 24. The blue scatter is the 
initial prices with equation y = 0.0038x + 0.0414 and R square = 0.6603 or 66%, and the 
orange scatter is the forecasted prices with equation y = 0.0031x + 0.0434 and R square 
= 1. The result there will be a slight increase in the electricity prices. The estimated 
electricity price in 2017 still below 0.1 USD/kWh 
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Figure 24 Electricity Prices (Forecast),  
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
 
The equilibrium prices between the electricity prices and bunker prices was determined 
as shown in Figure 25. The equilibrium prices are 0.096 (US$/kWh) for the electricity 
price and 1,200 (US$/ton) for the bunker price. This means, the ship owners will consider 
to use renewable energy and environmental friendly energy instead of fuel at these prices 
or more. Moreover, if the prices are below these prices, the ship owners will consider 
using fuel. 
 
 
 
 
 
 
y = 0.0038x + 0.0414
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Figure 25 Equilibrium (Blue Circle) 
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.8 Regression Analysis  
 
Together with forecasting the bunker prices, the researcher also made a calculation to 
find the correlation between 3 Year Time Charter Rate 45,000 DWT Bulk Carrier ($/day) 
as an independent variable with other dependent variables as follows:  
1. Singapore Bunker Prices ($/ton) 
2. Bulk Carrier Average New Building Prices ($/DWT) (BANPR) 
3. Container Average New Building Prices ($/TEU) (CANPR) 
4. Global Oil Production (M bpd) (GOP) 
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5. Container 3Y 5 Year Old Second Hand Prices ($ Million) (CSPR) 
6. LIBOR Interest (%) ( LIBOR) 
7. Clarkson Average Containership Earnings ($/day) (CACER) 
8. 3 Year Time Charter Rate 45.000 DWT Bulk Carrier ($/day) 
This was done by using E-view program and 14 year time series data from Clarkson 
Shipping Intelligence Network, as explained hereafter.  The first step was to find the 
correlation between the independent variable and dependent variables, so the researcher 
used regression analysis by converting the data into return, as shown in Table 37 
Regression Result. 
The regression result is that not all the variables have correlation with the independent 
variables. Therefore, the list of dependent variables was reduced to three, which are Bulk 
Average New Building Prices (BANPR), Clarkson Average Bulk Earnings (CABER) and 
Singapore Bunker Prices (SBPR), since only these variables showed a correlation with 
the independent variable.  
The researcher found that these variables have a correlation with the independent 
variable because it has R Square around 57%.  This mean the increase in bunker prices 
will impact the time charter rate or in opposite way, or the decrease in new building prices 
will have an impact on the time charter rate or in opposite way.  
 
The correlation also shown, in Figure 26 indicates that there is a linear relationship 
between dependent variable in green colour and independent variables in red and blue 
colours. This means each variables has a strong correlation. 
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Table 37 Regression Result 
Source: Author  
 
 
 
 
 
 
 
 
 
 
Figure 26 Correlation 
Source: Author 
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CHAPTER 4 
4.0 Analytical Findings 
4.1. Shore Side Electricity Project 
 
One of PT Pelindo III (Persero) subsidiaries, which is PT Pelindo Marine Services, has 
been developing shore side electricity called Marine Power Supply (MPSs). Fourteen 
MPS’s are planned to be constructed in the terminal, as shown in Figures 27, 28 and 29. 
The building of these MPSs will cost approximately US$ 1,187,380.00 averaging US$ 
76,408. 00 per MPS.  
 
Figure 27 MPS’s Project Layout 
Source: PT Pelindo III (Persero), 2014 
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In addition to supporting these MPSs, PT Pelindo Marine Services plans to build a power 
house costing approximately US$ 18,022.00, thus, total investment for the MPSs and 
power house is around US$ 1,087,728.00. This cost is cheaper when compared to the 
investment that has been made by the ports of Gothenburg in Sweden and Los Angeles 
in USA.  
 
This fact was based on the ENTEC report 2005 as shown in Table 38. According to this 
report, the cost of investment for shore side electricity (2 berths), in the port of Gothenburg 
was approximately € 978,890.00, while in the port of Los Angeles it was more expensive 
costing € 1,572,490.00.   
 
 
 
 
 
 
 
 
 
 
 
Figure 29 MPS’s Control Panel 
Source: PT Pelindo III (Persero), 2014 
 
Figure 28 MPS’s Power House 
Source: PT Pelindo III (Persero), 2014 
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Table 38 Shore Side Electricity Investments Comparison 
Source: ENTEC 
 
 
4.1.1  The MPS Process 
 
The MPS source of energy is electricity which is produced by the PT PLN, the Indonesian 
State Own Company that provides the national electricity. However, before the electricity 
can be consumed by a vessel, it must undergo several processes, as shown in Figure 
30. They are the transformation area, Low Voltage Main Distribution Panel (LVMDP), 
Control Panel, Frequency Converter (440 V- 60Hz, 380 V- 50 Hz and 220 V-50 Hz), and 
Panel Shore Connection. 
 
 
 
 
 
 
 
 
DESCRIPTION CUR
PORT OF 
GOTHENBURG
PORT OF LOS 
ANGELES
1-10 MW CONNECTION HIGH VOLTAGE ELECTRICITY (2 BERTHS)-
30 YEARS LIFESPAN
 € 255,000             532,000         
ANNUALISED COST 2 (BERTH)  € 14,800               61,600           
FREQUENCY TRANSFORMER (50 Hz to 60 Hz) (2 BERTHS)-20 
YEARS LIFESPAN
 € 300,000             300,000         
INSTALLATION COST  € 225,000             225,000         
ANNUALISED COST PER BERTH  € 19,300               19,300           
CANALISATION COSTS- 40 YEARS LIFESPAN  € 91,390               91,390           
ELECTRICAL CONNECTION  € 182,400             182,400         
CABLE REEL SYSTEM  € 152,000             152,000         
ANNUALISED COSTS  € 8,800                 8,800              
TOTAL  € 978,890             1,572,490     
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Figure 30 MPS Process Flowchart 
Source: PT Pelindo III (Persero), 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2 Business Analysis  
 
In order to calculate whether this project is acceptable or not, the researcher first 
calculated the possibilities of generating revenues and the expenses that may occur from 
this project. Furthermore, the researcher calculated the investment by using Net Present 
Value (NPV) and Internal Rate of Return (IRR), also finding the risk or Beta that can 
influence the project.  Finally, the project Cost of Equity and Weight of Average Cost of 
Capital (WACC) were calculated.  
 
4.2.1 Expenses Calculation 
 
Based on the calculation as shown in Table 39, the total cost per year was US$ 253,365. 
00 with the following breakdown: cost of human resources, depreciation and 
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maintenance, electrical consumption and insurance per year are US$ 107,200.00, US$ 
79,159.00 US$ 59,369.00, US$ 1,701.00, and US$ 5,937 respectively. 
 
Table 39 Expense Calculation 
Source: Author 
 
 
EXPENSES 
1 HUMAN RESOURCES :
NO DESCRIPTION MANNING SHIFT
WAGES Per 
MONTH (US$)
FREQUENCY 
Per YEAR
TOTAL (US$)
1 SUPERVISOR 1 1 500                   20 10,000         
2 ORGANIC WORKERS 3 3 400                   20 72,000         
3 OUTSOURCE WORKERS 3 3 200                   14 25,200         
TOTAL MANNING COST US$ PER YEAR 107,200        
2 INVESTMENT AMORTIZATION
1,069,712 US$ 15
18,022      US$
99,646      US$
TOTAL INVESTMENT COST PER YEAR  1,187,380 US$ 79,159              
3 MAINTENANCE :
ASSUMPTION (5% X INVESTMENT) 5%
59,369      US$/YEAR
TOTAL MAINTENANCE COST US$ PER YEAR 59,369              
4 ELECTRICITY 
ELECTRICITY PRICES 0.0954      US$/kWh
YEARLY ELECTRICITY CONSUMPTION (CONTAINER) 12,160      kWh/YEAR 
YEARLY ELECTRICITY  CONSUMPTION (PASSENGER) 5,668       kWh/YEAR 
TOTAL ELECTRICITY CONSUMPTION 17,828      kWh/YEAR 
TOTAL ELECTRICITY COST US$ PER YEAR 1,701                
6 INSURANCE 
ASSUMPTION 0.50%
INVESTMENT 1,187,380 
TOTAL INSURANCE US$ PER YEAR 5,937                
TOTAL COST US$ PER YEAR 253,365            
SHORE SIDE ELECTRICITY
INSTALLMENT WORK 
POWER HOUSE 
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4.2.2 Revenue Calculation 
 
Based on the calculation as shown in Table 40, this project has a potential of generating 
revenues for the company. These revenues can be obtained by calculating the possibility 
of ship traffic. In determining whether the project is acceptable or not, three scenarios 
were used consisting if the optimist to the pessimist scenarios. 
 
The 1st or optimist scenario is where the researcher only considered that only 50% of 
the total number of ships will be using shore side electricity because, the researcher 
considered the ship owners technical and economic situations. The revenue estimated 
to be generated from this scenario is around US$ 4,540,393.00. 
 
The 2nd scenario is where only 20% of the ship traffic will be using shore side electricity. 
The revenue that may be obtained from this scenario is US$ 2,170,550 00. 
 
The 3rd or pessimist scenario is using assuming that only 10% of the ships will be using 
shore side electricity. The revenue that can be obtained from the 3rd scenario is                   
US$ 1,085,275.00.  
 
Table 40 Revenue Calculation 
Source: Author 
 
 
 
A. SHIP TRAFFIC 
CONTAINER UNIT 4,829                             
PASSENGER UNIT 1,552                             
TOTAL UNIT 6,381                             
PROBABLITY OF SHIPS USE SSE
SCENARIO 1 (50%) UNIT 3,191                             
SCENARIO 2 (20%) UNIT 1,276                             
SCENARIO 3 (10%) UNIT 638                                
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4.2.3 Investment Calculation 
 
Since this project is a high capital project, there will be a need to procure funding from 
financial institutions. Therefore, instead of putting only the project costs, revenues and 
investments, the researcher also identified project loan repayment and insurance. 
Moreover, this project has a 15 year depreciation considering the lifespan of the facilities.  
 
Based on these costs and revenues, the Net Present Value (NPV) and Internal Rate of 
Return (IRR) can be determined. The results from the calculations show that the project 
is acceptable even from the pessimist scenario as shown in Table 41.  The NPV is US$ 
6,938,682.00, the IRR is 69%, the cost of equity is 18% and WACC is 18% with payback 
period 5 year, meaning if the NPV > 0, and the IRR>WACC, the project is acceptable. 
 
 
 
 
 
 
 
ELECTRICITY CONSUMPTION SCENARIO 1 (50%) SCENARIO 2 (20 %) SCENARIO 3 (10 %)
 TOTAL ELECTRICITY  PER 
CONTAINER VESSEL  
kWh 12,160                          12,160                          12,160                            
 TOTAL ELECTRICITY PER 
PASSENGER VESSEL   
kWh 5,668                             5,668                             5,668                              
 TOTAL ELECTRICITY CONSUMPTION 
FOR TOTAL CONTAINER VESSEL  
kWh 38,796,480                  15,518,592                  7,759,296                      
 TOTAL ELECTRICITY CONSUMPTION 
FOR TOTAL PASSENGER VESSEL  
kWh 8,796,736                    7,233,502                    3,616,751                      
TOTAL kWh 47,593,216                  22,752,094                  11,376,047                   
B. REVENUE SCENARIO 1 SCENARIO 2 SCENARIO 3
ELECTRICITY TARIFF US$/kWh 0.0954                          0.0954                          0.0954                            
PROFIT 5% 5% 5%
TOTAL REVENUE US$ 4,540,393                    2,170,550                    1,085,275                      
TOTAL PROFIT US$ 227,020                        108,527                        54,264                            
 - 80 - 
 
Table 41 Investment Calculation 
Source: Author 
 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A INVESTMENT
-  14 SHORE SIDE ELECTRICITY 1,187,380   
TOTAL A 1,187,380   
AMMORTIZATION YEAR 15
B REVENUE
110% 1,085,275   1,193,802  1,313,183  1,444,501  1,588,951  1,747,846  1,922,631  2,114,894  2,326,383  2,559,021    2,814,923  3,096,416  3,406,057  3,746,663  4,121,329   
TOTAL B US$ TOTAL 1,085,275   1,193,802  1,313,183  1,444,501  1,588,951  1,747,846  1,922,631  2,114,894  2,326,383  2,559,021    2,814,923  3,096,416  3,406,057  3,746,663  4,121,329   
C COST
1 AMORTIZATION 79,159       79,159      79,159      79,159      79,159      79,159      79,159      79,159      79,159      79,159        79,159      79,159      79,159      79,159      79,159       
2 INSTALLMENT 79,159       79,159      79,159      79,159      79,159      79,159      79,159      79,159      79,159      79,159        79,159      79,159      79,159      79,159      79,159       
3 INTEREST 9,895         9,895        9,895        9,895        9,895        9,895        9,895        9,895        9,895        9,895          9,895        9,895        9,895        9,895        9,895         
4 MANNING COST /3 YEAR 105% 107,200     107,200     107,200     112,560     112,560     112,560     118,188     118,188     118,188     124,097      124,097     124,097     130,302     130,302     136,817     
5 ADMINISTRATION COST /YEAR 105% 54,264       56,977      59,826      62,817      65,958      69,256      72,719      76,355      80,172      84,181        88,390      92,809      97,450      102,322     107,438     
6 INSURANCE /YEAR 0.10% 1,187         1,187        1,187        1,187        1,187        1,187        1,187        1,187        1,187        1,187          1,187        1,187        1,187        1,187        1,187         
7 MAINTENANCE / 2 YEAR 105% 5,937         5,937        6,234        6,234        6,545        6,545        6,873        6,873        7,216        7,216          7,216        7,577        7,577        7,956        7,956         
TOTAL C TOTAL 336,800     339,513     342,659     351,010     354,463     357,761     367,179     370,815     374,976     384,894      389,103     393,884     404,729     409,980     421,611     
REVENUE BEFORE TAX (A+B-C) 748,475     854,289     970,524     1,093,490  1,234,488  1,390,085  1,555,452  1,744,079  1,951,407  2,174,127    2,425,820  2,702,532  3,001,329  3,336,683  3,699,718   
TAX 10% 74,847       85,429      97,052      109,349     123,449     139,009     155,545     174,408     195,141     217,413      242,582     270,253     300,133     333,668     369,972     
REVENUE AFTER TAX (1,187,380)  673,627     768,860     873,471     984,141     1,111,039  1,251,077  1,399,907  1,569,671  1,756,266  1,956,714    2,183,238  2,432,279  2,701,196  3,003,015  3,329,746   
E INVESTMENT ANALYSIS
1 NPV 7% 6,938,682   
2 IRR 69%
3 PAYBACK PERIOD (YEAR) 5 (513,753)    (418,520)    (313,909)    (203,239)    (76,341)     63,697      212,527     382,291     568,886      769,334     995,858     1,244,899  1,513,816  1,815,635   
DESCRIPTION INITIAL
YEAR
INVESTMENT ANALYSIS (3rd SCENARIO)
DESCRIPTION EXPLANATION SOURCES
RIKS FREE RATE (RF)
%
8.35          10Y GOVERNMENT BOND 
http://www.tradingeconomi
cs.com/indonesia/governm
ent-bond-yield
BETA (B) % 0.05
MARKET RETURN (RM)
%
12.00        6 MONTHS MARKET RETURN  
http://www.indexq.org/mar
ket/return.php
MARKET RISK PREMIUM % 3.65           
COST OF EQUITY % 8.12          
COST OF EQUITY 
COST OF EQUITY=RF + B(RM-RF)
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4.2.4 Finding Risk (BETA) 
 
The project risk (Beta) had been determined to minimize the risk that might affect the 
project. Definition of Beta is a measure of the volatility, or systematic risk, of a security or 
a portfolio in comparison to the market as a whole. Beta is used in the capital asset pricing 
model (CAPM), a model that calculates the expected return of an asset based on its beta 
and expected market returns. Also known as "beta coefficient” ("Beta Definition | 
Investopedia," n.d.). Ilias Visvikis, WMU Associate Professor, in his Financial 
Management Lecture, on March 2014, mentioned that stability of Beta can be influenced 
by several factors, such as change in product line, changes in technology, deregulation 
and changes in financial leverage (Visvikis, 2014).  
Considering the investment risk (Beta), there are two risks that may affect the 
investments, namely the volatility of the central bank interest rate (BI RATE) and inflation. 
By using the slope function in the excel program, the Beta can be found around 5% with 
the equation y = 0.0498x - 0.043 as shown in Table 42 and Figure 31.  This means that 
there is a less risk in carrying out the project. A beta of 1 indicates that the security's price 
will move with the market. A beta of less than 1 means that the security will be less volatile 
than the market. A beta of greater than 1 indicates that the security's price will be more 
volatile than the market. For example, if a stock's beta is 1.2, it's theoretically 20% more 
volatile than the market ("Beta Definition | Investopedia," n.d.). 
 
DESCRIPTION EXPLANATION 
EQUITY (E) $ 50,000      0.04                                              EQUITY ASSUMPTION
DEBT (D) $ 1,187,380 0.959592041
TOTAL EQUITY AND DEBT $ 1,237,380 
COST OF EQUITY (RE) 8%
INTEREST RATE (R) 10%
TAX (Tc) 25%
WACC 8%
WEIGHT AVERAGE COST OF CAPITAL  (WACC)
RWACC=E/(E+D)*RE+D/(E+D)*R*(1-Tc)
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Table 42 Finding BETA 
Source: Author 
 
 
Figure 31 Beta Equation 
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
DATE INFLATION BI RATE IR BIR BETA
Jan-06               0.17        0.13 0.05         -           0.05         
Feb-06               0.18        0.13 (0.14)       -           
Mar-06               0.16        0.13 (0.02)       -           
Apr-06               0.15        0.13 0.01         (0.02)       
May-06               0.16        0.13 (0.00)       -           
Jun-06               0.16        0.13 (0.03)       (0.02)       
Jul-06               0.15        0.12 (0.02)       (0.04)       
Aug-06               0.15        0.12 (0.02)       (0.04)       
Sep-06               0.15        0.11 (1.31)       (0.05)       
Oct-06               0.06        0.11 (0.19)       (0.05)       
Nov-06               0.05        0.10 0.20         (0.05)       
Dec-06               0.07        0.10 (0.05)       (0.03)       
Jan-07               0.06        0.10 0.01         (0.03)       
Feb-07               0.06        0.09 0.03         (0.03)       
 
y = 0.0498x - 0.0043
R² = 0.125
 (0.10)
 (0.08)
 (0.06)
 (0.04)
 (0.02)
 -
 0.02
 0.04
 0.06
 0.08
 0.10
 (1.40)  (1.20)  (1.00)  (0.80)  (0.60)  (0.40)  (0.20)  -  0.20  0.40
BETA
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4.3 Implementation and Analytical Findings  
 
As written in Chapter 3, the researcher found that shore side electricity is one of the tools 
that can decrease ship emission and externality cost at the Port of Tanjung Perak.  
Hence, in supporting these findings, the researcher conducted surveys by using 
questionnaires issued to shipping companies, and interviewed experts and officers who 
have experience and knowledge related to shore side electricity. Moreover, based on the 
survey and interview results, the researcher was able to understand the operational 
condition of shore side electricity (the implementation of shore side electricity). 
 
4.3.1 Research Interviews  
 
The researcher interviewed the following persons: Eddie Muljono, Vessel Services Senior 
Manager of PT Pelindo III (Persero) on 24th of December, 2013 at his office in Surabaya, 
Indonesia; Søren Balken Petersen, Marketing Coordinator Copenhagen Malmö Port 
(CMP Port) on 13th of August 2014 at CMP Port, Malmö; Kajsa Asker, HSEQ Manager 
PFSO Gothenburg Ro-Ro Terminal on 27th of August, 2014 in Gothenburg;  and an onsite 
survey at the port of Gothenburg accompanied by Anna Jivén, Environment Manager 
Business Area Energy & Cruise Port of Gothenburg,.   
 
Vessel Services Senior Manager of PT Pelindo III (Persero), Eddie Muljono believed that 
shore side electricity will give many advantages either to port operators or shipping 
companies because it can cut emissions especially CO2, noise and vibration pollution 
from the ship’s engines. Moreover, in terms of revenue, he believed that it can enhance 
the port operator’s revenues, and it can reduce ship’s fuel consumption because they do 
not have to use their ship’s auxiliary engine while alongside. Furthermore, he further 
suggest that it can reduce the worker or crew manning hours since they do not have to 
employ a crew to look at the auxiliary engine during ship berthing, like checking the ship’s 
engine and changing oil.  
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Regarding auxiliary engines, Eddie added that during sailing, the vessel will require two 
auxiliary engines in order to support the main engine, and when berthing, the vessel 
utilizes one auxiliary engine. Most ships such as container vessels bulk carriers and 
general cargo carriers use their auxiliary engine mostly for lighting. The biggest 
consumption of electricity come from cruise ship because they need the supply for 
entertainment and restaurant purposes; therefore, they have a bigger capacity for their 
auxiliary engine.  
 
Søren Balken Petersen, Marketing Coordinator of CMP Port, explained that his company 
also considered shore side electricity as a useful tool to reduce emission, so they have 
implemented shore side electricity for their tug boats. Furthermore, in their new cruise 
terminal at Copenhagen, they built a power supply to support shore side electricity as 
shown in Figure 32. Nevertheless, Søren Balken Petersen highlighted some constraints 
or issues that occurred from this facility. The first issue is about Liquid Natural Gases 
(LNG) Vessels.  His concern was if all vessels are using LNG with regard the 0.1% 
sulphur policy from the IMO regulation that will be implemented at the beginning of 2015, 
shore side electricity will be meaningless because LNG is an environmental friendly 
energy.  
 
Figure 32 Power Supply Layout 
Source: CMP Port, 2014 
 
 
 
 
 
 
 
 
 
 
 - 85 - 
 
Furthermore, there is no international standardization of using shore side electricity or 
LNG. This can be a big concern because it is a matter of investment since either the ship 
owner or the port operator needs a big capital to invest in these facilities (LNG vessel and 
shore side electricity). The second issue is about the possibility to implement shore side 
electricity to cruise ships since they have regular trips to the port.  He explained that if a 
cruise vessel has a regular trip to a port it does not automatically apply shore side 
electricity because ship owners need to consider their business interests first. 
 
Søren Balken Petersen explained that in the cruise business, the cruise companies have 
approximately 100 ships that sail worldwide. The cruise ships that are typical sailing in 
the Caribbean during the winter period will go to Alaska during spring where they will sail 
the traditional Alaska Nature. Route from Alaska they go to Europe, then on to the 
Mediterranean Islands, during summer, spring, and autumn. After spring the temperature 
increases, son in high summer between July-August, some of the ships go to the Baltic.   
Usually they visit the majority of the Baltic cities such as Stockholm, Helsinki, St. 
Petersburg, Copenhagen, and Berlin.  
 
In the cruises business, there are two big players; the first is Carnival group. They operate 
Seaborne, Carnival, American Line, P&O Princess, and they have seven different brands. 
The second player is Royal Caribbean Group, a partly Norwegian and American company 
that has 4 brands, such as Royal Caribbean. 
  
The number of passenger in a cruise vessel is approximately 2,000 passengers, 1,000 
cruise. Some ships accommodate 5,000 passengers. The problem at the end of the day 
is that if the ships have different system for power supply. At the same time these ships 
are built environmentally solid and the fuel is becoming cleaner. Therefore, again it will 
be meaningless to use shore side electricity because this will generate added expenses 
for the shipping company.  
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Furthermore, by implementing shore side electricity to the cruise vessels, the port 
potentially will be losing customers. This is because the cruise ships mostly have at least 
400 calls from worldwide ports every year, from the Middle East, the Baltic and the 
Caribbean. Therefore, if some ports oblige them to use cold ironing, when the ship only 
has 3-4 calls in that port, they will probably say thank you but no thank you. Nevertheless, 
he mentioned there is a possibility that shore side electricity should be implemented 
worldwide. 
He gave an example regarding the environmental case, from 1996 to 1999, most ships 
that came to Copenhagen, normally dumped their grey water in the sea. Nowadays, that 
has changed because the grey water should be deposited and recycled in Copenhagen. 
At the beginning it was not mandatory but it became mandatory. Recently, Copenhagen 
Malmö Port can receive 300 cubic meter per terminal, either grey or black water can go 
through the processing.  
The third issue is related to the source of energy of shore side electricity because 
numerous amounts of electricity will be needed to supply a cruise ship to accommodate 
15,000-16,000 passengers in case three cruise ships are berthing; therefore, a power 
plant will be needed. Nevertheless, this cannot be done because Copenhagen’s power 
plant has a limited capacity. The power plant was designed to support the city of 
Copenhagen. Therefore, they will be a need to increase their capacity if they want to 
supply shore side electricity. 
He added that shore side electricity can be used for ferries, such as the Stena Line at the 
port of Gothenburg, Sweden that sails from Copenhagen to Gothenburg. It is more 
applicable because they do not have to sail to many ports unlike a cruise ship. For the 
cruise ship it may not possible to implement shore side electricity in all ports, because 
not all ports provide this facility. European countries, such as France and the Nordic 
countries, may provide shore side electricity, but how about Northern African Countries? 
They may produce electricity from coal or gasoline power plant. 
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He also had a concern regarding the contingency of shore side electricity due to the lack 
of standardization. For instance, related to double hull policy for the bulk vessel, he 
mentioned that a few years ago, CMP Port had a bunker station serving for single hull 
vessels until an incident happened related to the single hull vessel that caused an oil spill. 
Suddenly everyone preferred to use double hull as shown in Figure 33. But where do the 
single hull vessel goes? To Africa, where there was a lack of restrictions regarding single 
hull vessels, in other words the problem is not removed but moved to another place or 
there was no sustainability. 
Figure 33 Single and Double Hull 
Source: www.marineinsight.com 
  
 
Anna Jivén, Environment Manager Business Area Energy & Cruise Port of Gothenburg 
believed that in the future cold ironing will be mandatory, so all vessels arriving at the port 
must utilize shore side electricity. Moreover, the Port of Gothenburg has been 
implementing green strategy to attract ship owners to use shore side electricity. One of 
the strategies is not charging tax if they use shore side electricity. In implementing this 
program, the Port of Gothenburg had an agreement with the government. This effort was 
followed by The Port of Rotterdam. The Port of Rotterdam has already been offering up 
to a 5% reduction in port fees for vessels that can demonstrate reduced emissions of 
NOx and SOx (Eason, 2014).  
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4.3.2 On-Site Survey at the Port of Gothenburg 
 
“Growth is our guiding principle. We promise to create it in a sustainable way.” (Magnus 
Kårestedt, CEO Gothenburg Port Authority, 2014). This quotation is not just words but it 
is already proven that the port of Gothenburg is a sustainable port by implementing 
environmental friendly facilities, green transport and energy, with the following detailed 
information below: 
 Onshore Power Supply 
Since 1989, Stena Line’s, the Stena Germanica and Stena Scandinavica ferries turn off 
their engines at the quayside in the port of Gothenburg, and connect to low voltage for 
their on-board power supply. 
 Environmentally Driven Tariffs 
Environmentally driven port tariffs are introduced with higher fees for vessels discharging 
more air pollution, and lower fees for those with good environmental performance. 
  First Rail Shuttle 
The first rail shuttle for container goods departed for Karlstad in 1998. Today there are 
about 25 daily shuttles to many locations all around Sweden and Norway. The trains 
replace 700 trucks on the city’s roads every day, saving over 61,000 ton of carbon dioxide 
annually.  
 Unique Onshore Power Supply 
In 2000, the port of Gothenburg started using state-of-the-art technology. The first ship 
could connect to high voltage power at the quay. The port of Gothenburg became the first 
in the world to offer this service to commercial shipping, thus significantly reducing 
emissions; Stora Enso was the driving force. 
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 Green Bunkering 
“Green Bunkering” regulations were introduced to minimize the risk of spillage when 
loading vessels with fuel in the port and the surrounding areas. All bunker operators must 
have special training. This has radically decreased the risk of spillage. 
On 27th of August, 2014, the researcher had the opportunity to visit the Port of 
Gothenburg, at the Ro-Ro Terminal, to get more information related to shore side 
electricity and to see the facility as shown in Figures 34, 35 and 36.  
Figure 34 OPS Facility 
Source: Author 
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The Port of Gothenburg started to implement shore side electricity in 1989 with low 
voltage electricity for ferries. Afterwards, in 2000, the port of Gothenburg started using 
state-of-the-art technology the first ship could connect to high voltage power at the quay, 
with 50-60 Hertz frequency.  
At the beginning of implementing the facility, the port of Gothenburg was supported by 
one of the big paper mill company called Stora Enso, in Sweden which paid a great deal 
of attention to the environment protection. 
Moreover, the factory had their own vessels so the service could be implemented to the 
vessel; therefore, the investment in cold ironing was a good venture. The paper mill 
company built new ships that were in line with the facility and quay. This also assisted 
the port to invest cold ironing since at that time there were not many constraints. This 
was part of the port of Gothenburg strategy to embrace other stakeholders who had the 
same vision to make a sustainable port.  
This condition will be different if using old ships. It will cost more money to modify the on 
board facility. Therefore, the port of Gothenburg was lucky because they got new ships 
that were already able to accommodate the facility. At the moment, the port of 
Gothenburg is able to serve 4-5 Ro-Ro vessels every week with average berthing time of 
6-10 hour, and in one year, they can supply 1 million kWh.  
Kajsa Asker, HSEQ Manager PFSO Gothenburg Ro-Ro Terminal, mentioned that to 
supply the facility, the port of Gothenburg is using renewable energy from the wind turbine 
that is operated by third party or private company. The wind mill can produce 1.25 Million 
kWh per year to supply electricity at the port of Gothenburg. Regarding the workers 
operating the facility, she explained that to operate the facility, the port is not required to 
provide a worker because it can be done by the ship crew. 
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Instead of targeting ferry vessels as their customers, the port of Gothenburg extend their 
target to container vessels, therefore, they have conducted a research in this area. As 
shown in Table 43, they have calculated the running costs with OPS-container. 
 
Table 43 Running Cost with OPS-Container 
Source: The Port of Gothenburg, 2014 
OPTIONS  ANNUAL COST WITH 10 BERTHS 
AND 20 HOURS BT 
ASSUMPTIONS 
Electricity Generation 
with diesel-powered 
auxiliary engine  
SEK 762,000. 00 
Electricity Price:  
59 ore kWh, HFO oil 
price:1.045 
USD/ton=6.792 
SEK/ton (1 USD=SEK 
6.50), main engine 
output: 20.000 kWh. 
Onshore Electricity 
SEK 296,000. 00 
 
 
 
Figure 36 Connecting Point (red circle) and 
Sub Station 
Source: Author 
Figure 35 the Author (right) and his Research 
Source, Kajsa Asker  
Source: Author 
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Annual Saving with 
Onshore Power Supply 
SEK 466,000. 00 
 
Based on Table 44, there is an annual investment cost to provide the ship with onshore 
power equipment of SEK 680,000.00.  A conversion to OPS is economically beneficial if 
the ship berths 15 times or more (20 hours lay-days). Additional research shown in Tables 
44 and 45, where investment costs to adapt vessels for OPS and external costs in SEK 
per average call in the Port of Gothenburg, was conducted.  
 
Table 44 Investment Cost to Adopt Vessels for OPS 
Source: The Port of Gothenburg, 2014 
Type of Ship Power 
Requirement 
Tonnage (GT) Total 
Investment 
*(KSEK) 
Annual 
Investment 
Cost* (KSEK) 
Ro-Ro 1.5 MVA 15,000 4,100 560 
Container  7 MVA 75,000 5,000 680 
Tanker 7 MVA 75,000 5,000 680 
Cruise 15 MVA 80,000 7,700 1,050 
*Converted from Euro to SEK (rate 1 Euro = 9 SEK), according to calculation model OPS, 10 year 
depreciation period, 6% interest. 
 
Table 45 Externality Cost 
Source: The Port of Gothenburg, 2014 
External Cost Container Ro-Ro Car Assumptions 
Carbon dioxide 33,000 28,000 34,000 
The external 
cost from not 
using OPS at 
Nitrogen oxides 42,000 35,000 43,000 
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Particulate matter 53,000 44,000 55,000 
the quayside 
during a year. 
 
ASEK 4 has 
been used for 
the calculation 
of the external 
cost, NOx 87 
SEK/kg, PM 
3564 SEK/kg, 
SO2 129 
SEK/kg, CO2 
1.5 SEK/kg 
Sulfur Dioxide 5,000 4,000 5,000 
Total External 
Cost Per 
Segment 
133,000 111,000 137,000 
 
 
4.3.3 Questionnaires 
 
Questionnaires were distributed to the shipping companies that operate at the port of 
Tanjung Perak, such as PT Meratus, PT Tanto Intim Line, PT SPIL, CMA-CGM, Maersk 
Line Limited, Evergreen, WANHAI Line, YANG MING Line, MSC, OOCL, KMTC,               
PT Tempuran Mas, PT PELNI. Most of these companies have more than 20 vessels, 
either 2nd or 3rd generation vessels. Additionally, the respondents’ have operational 
background.  Furthermore, the reason for choosing shipping companies as research 
respondent is that shipping companies will be the user of shore side electricity. In the 
questionnaire, the respondents offered to answer 19 questions, such as respondent 
knowledge about shore side electricity and externality cost.  From 13 questionnaires that 
were distributed, seven respondents replied. Based on the questionnaire, the researcher 
observed that 43% of the respondent understand MARPOL VI on an average level as 
show in Figure 37 (Understanding of MARPOL VI). Therefore, they considered to make 
an effort like putting scrubber, low steaming sailing and using shore side electricity. Based 
on their answers, 43% preferred to use scrubbers, 43% implementing slow steaming and 
14% used shore side electricity as shown in Figure 38.  
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Figure 37 Questionnaire Result (Understanding of Marpol VI) 
Source: Author 
 
 
 
 
 
 
 
 
 
 
Figure 38 Questionnaire Result (Reducing Emissions) 
Source: Author 
 
 
 
 
 
 
 
The reason there is a fewer respondent using shore side electricity is because most of 
the respondents or around 70% did not understand the function of shore side electricity. 
According to the questionnaire, only 29 % of the respondents understood the function of 
shore side electricity, as shown in Figure 39. 
 
 
NON
57%
AVERAGE
43%
EXPERT
0%
UNDERSTANDING OF MARPOL VI
 
Implementing 
Slow Steaming 
43%
Using Scrubber 
43%
Use Shore Side 
Electricity
14%
REDUCING SHIP EMISSIONS
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Figure 39 Questionnaire Result (Shore Side Electricity Function) 
Source: Author 
 
 
 
 
 
 
 
 
Figure 41 Questionnaire Result (Externality Cost Knowledge) 
Source: Author 
 
 
 
 
 
 
 
 
 
 
 
Nevertheless, 71% of the respondents understood about ship emissions, and only 29% 
did not understand. Therefore, most of the respondents are aware of ship emissions like 
NOx, Sox, and Particulate Matters (PM). Furthermore, 71% of the respondents 
understood externality cost and 29% did not understand externality cost as shown in 
Figure 41.  
 
71%
29%
SHORE SIDE ELECTRICITY 
FUNCTION
The respondents did not recognize it The respondents recognize it
 
29%
71%
SHIP EMISSIONS KNOWLEDGE
The respondents did not recognize it The respondents recognized it
 
29%
71%
EXTERNALITY COST 
KNOWLEDGE
The respondents did not recognize it The respondents recognized it
Figure 40 Questionnaire Result (Ship 
Emissions Knowledge) 
Source: Author 
 
 - 96 - 
 
 
 
 
 
CHAPTER 5 
 
5.1 CONCLUSION  
 
After reviewing Theo Notteboom’s literature, ’’Ports are More Than Piers’’, the researcher 
realized that to operate a port is not easy because as a port operator or authority, there 
are numerous things that need to be considered. Instead of constructing and operating 
it, a port needs to be operated effectively and efficiently; thus, it will reduce logistics costs 
and bring advantages to society. 
Furthermore, ports must be sustainable, meaning ports need to consider using 
environmental friendly facilities and renewable energy so that it can be beneficial to the 
next generation. Therefore, one of the solutions to becoming a sustainable port is by 
introducing shore side electricity to reduce ship emissions.  
Shore side electricity is an alternative source of energy for a ship during berthing instead 
of using ship’s auxiliary engine. Moreover, this facility can help the ship owner in 
minimizing their crew since they would not need to have a crew member to monitor or 
control the auxiliary engine during berthing. Nevertheless, there are some obstacles in 
implementing this facility, such as regulations, high capital of investment, sources of 
energy, and business interests and a lack of knowledge. One of the researcher sources 
from CMP Port, Marketing Coordinator Copenhagen Malmö Port (CMP Port) Søren 
Balken Petersen, mentioned that ports cannot force ship owners to use their shore side 
electricity; in particular cruise ship owners. Cruise ships appear to have more bargaining 
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power than ports, due to their numerous port visits worldwide with 400 port calls.  Hence, 
they would rather go to other ports than have to pay additional fees for shore side 
electricity to ports that they visit only 3-4 times, or they will say ’’Thank you, but no thank 
you’’. 
To guide this research the questions asked were: What is the amount of ships’ emissions 
in the port of Tanjung Perak in 2013 and their externality cost? , What is the proper source 
of energy for shore side electricity?, and What is the cost and benefit analysis of 
implementing shore side electricity?   
 
The researcher came up with some interesting results or answers, with the following 
explanations: 
a. In 2013, ship traffic in the port of Tanjung Perak, Surabaya, Indonesia had reached 
14,198 units, which consist of 4,829 unit container vessels, 3,018 unit general cargo 
vessels, 705 unit liquid cargo vessels (oil), 485 unit liquid vessels (non-oil), 263 unit  
dry bulk cargo vessels, 989 unit barge vessels, 1,019 unit tug boats, 1,265 unit 
passenger vessels, 287 unit Ro-Ro vessels, 664 unit fishing ships, and 674 unit 
others. This research focused on container and passenger vessels because these 
vessels are more likely to use shore side electricity instead of the other vessels. 
Moreover, these vessels are known to have regular trips to the port of Tanjung Perak. 
Therefore, it will minimize the technical constraints in terms of synchronizing shore 
side electricity with on board engines. 
 
b. In calculating ship emissions, the first step was to calculate the average ship berthing 
time at the port by using Performance Indicator (PPI). From the calculation, the 
researcher came up with the results that the average berthing time of container 
vessels is 38 hour, and the average berthing time of passenger vessels is 10 hour. 
The second step was to determine the ship engine load factors and emission factors 
by using previous studies, academic journals and questionnaire results. The auxiliary 
engine load factor of container vessels and passenger vessels are 40%. The ship 
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emissions factors are NOx: 13.9 g kWh-1, SO2: 4.3 g kWh-1, PM10: 0.3 g kWh-1, PM 
2.5: 0.24 g kWh-1, CO: 1.10 g kWh-1, HC: 0.4 g kWh-1, and VOC: 0.8 g kWh-1. 
 
c. To calculate the ships’ emissions during berthing, the researcher used this formula: 
 
 
 
d. Based on the formula above, the total amount of container ship emissions that was 
emitted at the port in 2013 is 31,946 tons, with a composition of 816.22 tons (NOx), 
252.50 tons (SO2), 17.6 tons (PM10), 14.1 tons (PM2.5), 64.6 tons (CO), 30.711 tons 
(CO2), 23.49 tons (HC), and 46.98 tons (VOC). Whilst the total amount of emission 
that was emitted from passenger vessels were 4,785 tons, which consisted of 122.27 
tons (NOx), 37.83 tons (SO2), 2.6 tons (PM10), 2.1 tons (PM 2.5), 9.7 tons (CO), 
4,601 tons (CO2), 3.5 Ton (HC), 7.0 tons (VOC).  
 
e. The researcher also calculated the total amount of electricity that had been produced 
by container vessels’ auxiliary engines in 2013. The amount was 58,720,640 kWh, 
which cost US$ 5,660,670.00 (National Electricity Price US$ 0.0964 per kWh). 
However, if the ships were using fuel it would have consumed approximately 5,290 
tons of fuel which cost US$ 4,708,231.00 (Singapore Bunker Price US$ 890 per 
ton/April 2013).The deviation between using on shore side electricity and fuel is        
US$ 952,438.00 meaning the electricity price is more expensive compared to fuel. 
Moreover, the total amount of electricity that had been produced by passenger vessel 
during 2013, is 8,796,736 kWh, which cost U$ 848,005.00. Whilst using ship fuel, it 
would have consumed approximately 792 tons of fuel which cost U$ 705,324.00 
(Singapore Bunker Price US$ 890 per ton). The deviation between using on shore 
side electricity and fuel is US$ 142,681.00 meaning the electricity price is more 
expensive compared to fuel. Nevertheless, based on the researcher’s calculation, the 
externality cost of the total amount of container ship emissions that occurred in 2013, 
was US$ 5,281,475.00. Furthermore, the externality cost of the total amount of 
𝐸𝐵 = 𝐴𝑣𝑔. 𝑇𝐵  𝑥 ((𝐴𝑣𝑔. 𝑀𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸) + (𝐴𝑣𝑔. 𝐴𝐸 𝑥 𝐿𝐹𝑀𝐸  𝑥  𝐸𝐹𝑀𝐸)) 𝑥 10
−6
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passenger ship emissions is US$ 700,465.00. This means adding the externality cost 
with the energy cost (fuel), will put the total amount of container vessel emissions cost 
at US$ 9,989,707.00 (US$ 5,281,475.00 + U$ 4,708,231.00). Whilst, the total amount 
of passenger vessel emissions cost was US$ 1,405,788.00 (U$ 705,324.00 + US$ 
700,465.00). Thus, according to this calculations, the fuel cost is more expensive than 
electricity cost. 
 
f. The use of shore side electricity has a direct correlation with the volatility of bunker 
prices because the increase of bunker price would encourage ship owners to use 
renewable energy such as LNG or shore side electricity. Therefore, the researcher 
forecasted the Singapore Bunker Prices (SBP) by using 27 year time series data 
(1986-2012) from Clarkson Shipping Intelligence Network and managed the data 
through the excel program. The results are that the bunker prices will have a slight 
increase during 2013-2017. 
 
g. Furthermore, the volatility of bunker prices had been analysed by comparing to other 
variables, such as ship building prices, second hand prices, global oil production, and 
time charter rate (independent variable) with using regression. The regression result 
is that not all the variables have correlation with the independent variables. Bulk 
Average New Building Prices (BANPR), Clarkson Average Bulk Earnings (CABER) 
and Singapore Bunker Prices (SBPR) are the variables that have correlation with the 
independent variable; it was proven with the R Square around 57%. This means the 
increase of bunker prices will impact the time charter rate or in opposite way, or the 
decrease of new building prices will impact the time charter rate or in contrary. 
 
h. The equilibrium prices between the electricity prices and bunker prices were 
determined by the researcher. The equilibrium prices are 0.096 (US$/kWh) for the 
electricity price and 1,200 (US$/ton) for the bunker price. This means, the ship owners 
will consider using renewable energy and environmental friendly energy instead of 
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fuel at these prices or more. Moreover, if the prices are below these prices, the ship 
owners will consider to use fuel. 
 
i. The use of Liquid Natural Gas (LNG) energy, and wind energy instead of coal energy 
to supply shore side electricity are recommended by the researcher because LNG 
and wind energy are more environmental friendly than coal energy. Moreover, it will 
be meaningless if the shore side electricity facility is using coal energy as its source 
of energy. Therefore, in terms comparison, the researcher calculated the possibility 
of emissions being emitted from the coal power plant. The result is the total amount 
of emissions to produce 67,517,376 kWh of electricity is approximately 66 million 
grams of emissions.  
 
j. PT Pelindo III (Persero) has a shore side electricity project by constructing 14 Marine 
Power Supply (MPS) with total investment of US$ 1,187,380 million. The investment 
analysis were done by the researcher to find (Net Present Value (NPV), Internal Rate 
of Return (IRR), Investment Risk (Beta) payback period, Cost of Equity and Weight 
Average of Cost of Capital (WACC)). These instruments were used to determine 
whether this project is acceptable or not.  
 
In determining whether the project is acceptable or not, the researcher used three 
scenarios which consist of the optimist until the pessimist scenarios with regard the 
possibility of customers using shore side electricity. The results from the calculations 
show that the project is acceptable even from the pessimist scenario as shown in 
table 41.  The NPV is US$ 6,938,682.00, the IRR is 69%, the cost of equity is 18% 
and WACC is 18% with a payback period of 5 years, i.e. if the NPV > 0, and the 
IRR>WACC. These mean the project is acceptable. 
 
k. Considering the investment risk (Beta), the researcher observed that there are two 
risks that might affect the investments, namely the volatility of the central bank interest 
rate (BI RATE) and inflation. In order to calculate Beta, the researcher used the slope 
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function, and the result of the project risk can be obtained around 5%, which means 
there is less risk (<1). 
 
l. To support this research, questionnaires were distributed to the 13 shipping 
companies who are considered as potential customers. Seven out of thirteen 
respondents replied to the questionnaire.  Based on the respondents’ answers, the 
researcher observed that in reducing ships’ emissions, 43% of the respondent 
preferred to use scrubbers, 43% preferred to implement slow steaming, and 14% 
have chosen to use shore side electricity.  The researcher identified that one of the 
reasons, why fewer respondents had chosen shore side electricity is due to a lack of 
knowledge. According to the questionnaire answers, only 29 % of the respondents 
understood the function of shore side electricity. Furthermore, their awareness of the 
effect of ships’ emissions and ships’ emissions regulations are limited, only 43% 
understood MARPOL VI. 
 
m. Based on the discussions with the researcher’s sources from CMP Port, Søren 
Balken Petersen, he suggested that the implementation of shore side electricity 
cannot be separate and apart from the stakeholders’ interest. In other words, the port 
operators and ship owners need to balance between business and environmental 
interests.  Otherwise, port operators will be losing their customers or opposite.  
 
5.2 RECOMMENDATIONS 
 
a. IMO and the European Union need to make a standardization or a guidance that 
oblige ship owners to use shore side electricity at ports because up to now there is 
no standard for shore side electricity. Furthermore, this situation can lead into an 
uncertainty for ship owners and port operators because they will need time to prepare 
a capital before investing this facility. 
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b. Regarding the source of energy, PT Pelindo III (Persero) needs to conduct further 
research to analyse the possibility of using wind turbines instead of other sources of 
energy, because wind energy is more environmental friendly compared to other 
sources. Furthermore, PT Pelindo III (Persero) needs to conduct a study to determine 
the externality cost of ships’ emissions taking into consideration environmental 
aspects, transportation aspect and others. 
 
c. PT Pelindo III (Persero) needs to promote awareness for the shipping companies with 
a view of promoting understanding of the benefits of using shore side electricity and 
the negative impacts of using fuel energy. 
 
d. Shore Side Electricity should be implemented for vessels that visit the port regularly.   
Technically it will be easier for the port to develop a facility for a vessel that have 
frequent calls. 
 
e. Ports should give an incentive of low tax to ‘green’ ships to encourage them to use 
‘green’ energy.  Hence, there is a need for the port to cooperate with municipality and 
encourage government approval of this program. Additionally, ports should cooperate 
with ‘green’ private companies to develop shore side electricity for other ‘green’ 
facilities. 
 
 
 
5.3 LIMITATIONS 
 
 
a. The researcher limits the calculation to ships’ emissions and externality cost only for 
vessels during berthing at the port.  
 
b. The research objects are limited to container and passenger vessels because shore 
side electricity is more practicable for these vessels. 
 
c. In calculating ship externality costs, the researcher adopted guidance from a 
publication by the Centre for Maritime Studies University of Turku (MINTC 2003).
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APPENDECIES 
 
APPENDIX A 
QUESTIONNAIRE FOR DISSERTATION 
’’THE ASSESSMENT OF COST AND BENEFIT ANALYSIS OF SHORE SIDE 
ELECTRICITY  
IN PORT OF TANJUNG PERAK INDONESIA’’ 
---------------------------------------------------------------------------------------------------------- 
KUESIONER UNTUK DISERTASI 
‘’ANALISIS KELAYAKAN TERHADAP JARINGAN LISTRIK DARAT UNTUK KAPAL 
DI PELABUHAN TANJUNG PERAK INDONESIA’’ 
 
I am a MSc student of Maritime Affairs at the World Maritime University, Malmö, Sweden. 
I am undertaking a Dissertation on the above subject and would kindly ask you to answer 
a few questions to enable collection of data for my dissertation. The information obtained 
from this questionnaire will be used entirely for academic purposes. Names of individuals 
and/organizations will be treated with anonymity. Thank you for your participation. 
Saya adalah mahasiswa Master Jurusan Manajemen Kepelabuhanan di World Maritime 
University, Malmö, Swedia. Saya sedang menyelesaikan Disertasi dengan tema diatas 
dan saya mohon kiranya Bapak/Ibu/Saudara/Saudari untuk menjawab beberapa 
pertanyaan di dalam kuesioner ini. Informasi yang diberikan akan digunakan sepenuhnya 
untuk kepentingan akademis. Indentitas responden dan Nama perusahaan di dalam 
kuesioner ini akan dirahasiakan. Terimakasih atas Partisipasi Anda.  
 
1. Name of Company/Institution (Nama Perusahaan/Institusi) 
 
………………………………………………………………………………………… 
 
2. Classification of Company/Institution (Klasifikasi Perusahaan/Insitutisi) 
(Mark only one oval) 
 Shipping Company/Perusahaan Pelayaran 
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 Shipping Agency/Agen Pelayaran 
 Others………………………………………………………………… 
 
3. What is your designation in your institution (Apa jabatan Anda di dalam 
perusahaan/institusi)? 
(Mark only one oval) 
 Management Level/ Level Manajemen 
 Operational Level/ Level Operasi 
 Supporting Level/Level Pendukung 
 Others 
(Lainnya)………………………………………………… 
 
4. What do you know about MARPOL ANNEX VI (Apa yang Anda ketahui tentang 
MARPOL ANNEX VI)? (Mark only one oval) 
 
 No,   I do not know (Tidak, Saya tidak mengetahui) 
 Yes, I know (Iya, Saya mengetahui) 
 If Yes, please state one of the substance (Apabila Anda mengetahui 
mohon  sebutkan salah satu isinya)…………………………………….. 
 
5. What do you know about the IMO’s policy regarding ships emissions limitation 
(Apakah Anda mengetahui tentang kebijakan IMO terkait pembatasan emisi 
untuk kapal)? 
(Mark only one oval) 
 
 No, I do not know  (Tidak, saya tidak mengetahui) 
 Yes, I know (Ya, saya mengetahui) 
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6. What effort you have done in order to reduce ships emissions (Upaya apa yang 
Anda telah lakukan untuk mengurangi emisi kapal)? 
(Mark only one oval) 
 Using Scrubber (filter pada cerobong kapal) 
 Using Shore Side Electricty (jaringan listrik darat) 
 Implementing Slow Steaming (mengurangi kecepatan kapal) 
 Others 
(Lainnya)……………………………………………………………………… 
 
7. What do you know about the function of shore side electricity/cold ironing/on 
shore power supply (Apakah Anda mengetahui fungsi dari jaringan listrik darat 
untuk kapal)? 
(Mark only one oval) 
 No, I do not know (Tidak, Saya tidak mengetahui) 
 Yes, I know (Iya, Saya mengetahui) 
 If Yes, please state one of the function of it (apabila Anda mengetahui 
tolong sebutkan salah satu fungsinya)………………………………… 
 
8. Have you ever used Shore Side Electricity for your ships during berthing in ports 
(Apakah Anda pernah menggunakan jaringan listrik darat untuk kapal Anda pada 
saat bertambat di pelabuhan)? 
(Mark only one oval) 
 
 No, I never used it  (Tidak, Saya tidak pernah menggunakannya) 
 Yes,  (Iya, Saya pernah menggunakannya) 
 If Yes, please state the date and location (apabila Anda pernah 
menggunakannya tolong sebutkan kapan dan dimana lokasinya) 
………………………………………………………………………………… 
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9. Have you ever counted your ship emissions during sailing,  maneuvering, 
berthing in the port (Apakah Anda pernah melakukan perhitungan terhadap emisi 
kapal pada saat berlayar, bermanuver dan bertambat di pelabuhan)? 
(Mark only one oval) 
       No, we have not counted (Tidak, kami tidak pernah melakukan 
perhitungan) 
  Yes, we have counted (Ya, kami pernah melakukan perhitungan) 
   If yes or no, please state your reason (Jika Iya atau Tidak, mohon 
disebutkan       alasannya)…………………………………………………… 
 
10. What do you know about the impact of ship emissions (Nox, Sox and PM10) 
(Apakah Anda mengetahui dampak dari emisi kapal)? 
(Mark only one oval) 
 
 No, I do not know  (Tidak, saya tidak mengetahui) 
 Yes, I know (Ya, saya mengetahui) 
 If yes please state one of the impact (Jika Iya sebutkan salah satu 
dampaknya)………………………………………………………………… 
 
11. What do you know about ships externality cost? (Apakah yang Anda ketahui 
tentang Biaya Eksternal Kapal?) (Mark only one oval) 
 
 No, I do not know  (Tidak, saya tidak mengetahui) 
 Yes, I know (Ya, saya mengetahui) 
 If Yes please state the meaning of externality cost and your effort in order 
to reduce the cost (Jika ya mohon disebutkan makna dari biaya eksternal 
dan upaya yang telah anda lakukan untuk mengurangi biaya 
tersebut)……………………………………………............................……… 
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12. How Many Vessel do you have or charter recently? (Berapa kapal milik atau 
charter yang Anda miliki dan charter saat ini?  
(Mark only one oval) 
 
 1-5 vessel (1 s.d 5 Kapal) 
 5-10 vessel (5 s.d 10 Kapal)  
 5-20 vessel (5 s.d 20 Kapal)  
 > 20 vessel (> 20 Kapal) 
 
13. Could you please specify the type of vessel that you have mostly (Mohon 
disebutkan jenis kapal yang terbanyak yang Anda miliki)? 
 Container Vessel (Kapal Peti Kemas) 
 Tanker Vessel (Kapal Tanker) 
 General Cargo Vessel (Kapal General Cargo) 
 Others 
(Lainnya)…………………………………………………………………… 
 
14. What type of fuel do you use for your vessel (Bahan bakar jenis apa yang Anda 
gunakan untuk kapal-kapal Anda)? 
 Marine Diesel Oil (MDO) 
 Heavy Fuel Oil (HFO) 
 Liquid Natural Gasses (LNG) 
 Others 
(Lainnya)……………………………………………………………………… 
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15. How much is the average capacity of your ships main engine and auxiliary engine 
(Berapa rata-rata kapasitas mesin utama dan mesin cadangan pada kapal 
Anda)? 
1 Main Engine:  
2 Auxiliary Engine:  
 
16. How much is the average load factor of your ship auxiliary engine during berth in 
the port (Seberapa besar rata-rata penggunaan tenaga mesin cadangan kapal 
saat kapal sedang bertambat di pelabuhan)? 
 Auxiliary Engine (KW):  
 
17. How much is the average load factor of your ship main engine and auxiliary engine 
during anchoring in the port (Seberapa besar rata-rata penggunaan tenaga mesin 
cadangan kapal saat kapal sedang berlabuh (menunggu sandar) di pelabuhan)? 
1 Main Engine (KW):  
2 Auxiliary Engine (KW):  
 
 
18. How much is the average load factor of your ship main engine and auxiliary engine 
during maneuvering in the port (Seberapa besar rata-rata penggunaan tenaga 
mesin cadangan kapal saat kapal sedang manuvering di pelabuhan)? 
1 Main Engine (KW):  
2 Auxiliary Engine (KW):  
 
19. What type of ship generation do you have or charter mostly (Jenis kapal generasi 
keberapa yang Anda miliki atau charter yang memiliki jumlah terbanyak)? 
 1st Generation up to 1500 TEU (Generasi Pertama s.d 1.500 TEU) 
 2nd Generation up to 3000 TEU (Generasi Kedua s.d 3.000 TEU) 
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 3rd Generation up to 4500 TEU (Generasi Ketiga s.d 4.500 TEU) 
 Others (Lainnya)……………………………………………………………… 
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APPENDIX B 
INTERVIEW FOR DISSERTATION 
’’THE ASSESSMENT OF COST AND BENEFIT ANALYSIS OF SHORE SIDE 
ELECTRICITY  
IN PORT OF TANJUNG PERAK INDONESIA’’ 
 
I am an MSc student of Maritime Affairs at the World Maritime University, Malmö, 
Sweden. I am undertaking a Dissertation on the above subject and would kindly ask you 
to answer a few questions to enable collection of data for my dissertation. The information 
obtained from this interview will be used entirely for academic purposes. Names of 
individuals and/organizations will be treated with anonymity. Thank you for your 
participation. 
 
1. What is your opinion regarding sustainable development for port? 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
2. What kind of facilities are provided in your port in order to implement sustainable 
development for port? 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
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3. How many shore side electricity/cold ironing/on shore power supply has been 
provided in your port and how long you have been using this facility? 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
4. What type of shore side electricity do you provide in your port, and could you 
specify it in term of capacity? 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
5. Who are your customers (Ro-Ro Vessel, Passenger Vessel, Container Vessel 
and etc.) that using shore side electricity services? 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
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6. How is your strategy to promote your port services, particularly shore side 
electricity/cold ironing/on shore power supply services? 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
7. What is the main obstacle or problem in term of operational and technical in 
implementing shore side electricity, and how you cope with that? 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
8. How you convince your customers to use shore side electricity? 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
 
 
 
 - 115 - 
 
9. What is your source of energy in order to supply shore side electricity? 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
10. How much emissions can be reduced after using shore side electricity? 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
 
11. What methodology did you use in order to calculate your shore side electricity 
tariff? 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
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12. How you calculate externality cost in your port? 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
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No DISCRIPTION Vol UNIT PRICE/UNIT TOTAL PRICES
(RP) 
I PROJECT PREPARATION 
1 Direction Kit 1 lot 5,000,000 5,000,000
2 Administration and Documentation 1 lot 2,500,000 2,500,000
Total I 7,500,000
II PROCUREMENT 
1 Transformator 1 unit 180,000,000 180,000,000
Capacity : 1000 KVA 
Primer  : 20 KV
Secondary Voltage  :  0,4 KV
Vector Group :  Dyn 5
Cooling  : ONAN ; indoor use
Transformer type  :  Hermetically Sealed 
Design standars  :  IEC 76
Protection Relay RIS
2 Incoming Cubicle MV DM1A 1 unit 275,000,000 275,000,000
Voltage  :  24 KV
Rated Current  : 630 A
CT 40-80/5/5 and VT 20.000/100
surge arrestors.
Protection Relay Sepum 1000+
SF6 Circuit Breaker
Operating - mechanisme Compartment
3 Outgoing Cubicle MV 1 unit 47,500,000 47,500,000
Rated Voltage  :  24 KV
Rated Current  : 630 A
switchgear with SF6
Strikker Fuse Protection
4 N2XSEBY Cable  3x35 mm ; 12/20KV 35 m 570,000 19,950,000
5  NYY Cable 0,6 - 1KV 5x1x240 mm 36 m 1,188,000 42,768,000
6 NYY 0,6 - 1KV 4x35mm 448 m 205,000 91,840,000
7 Terminating 20 KV ; 35 mm 3 set 1,440,000 4,320,000
8 Panel Capacitor bank 1200 KVAR - 12 step 1 unit 250,000,000 250,000,000
9 Panel LVMDP 1 unit 360,000,000 360,000,000
10 Feeder 2000A
11 Panel Control with Control Desk 1 unit 128,000,000 128,000,000
12 Jointing Kabel NYFGBY 4x50mm 5 set 2,500,000 12,500,000
13 Frequency Converter 50Hz-60Hz adjustable 14 unit 325,000,000 4,550,000,000
Power : 80 KVA ; Indoor Use 
input : 208v/380v/400/460v;50Hz-400Hz;3 Phase
output: Tegangan dan Frekwensi adjustable
14  NYFGBY Cable 4x50mm 10,985 m 310,000 3,405,350,000
15  Control Cable 4x1,5mm 50 m 210,000 10,500,000
16 NYY Cable 4 x 50 98 m 285,000 27,930,000
17 Panel Shore Power Distribution Unit + KWHmeter 14 unit 6,380,000 89,320,000
18 Panel Shore Power Distribution paralel unit 14 unit 1,380,000 19,320,000
19 Flexible Cable 4x35mm ; 50m 14 set 12,300,000 172,200,000
20 Copper Stik 70 mm 36 m 100,000 3,600,000
21 BC 50 mm 50 m 90,000 4,500,000
22 Auxiliary Tool 1 lot 7,500,000 7,500,000
23 Commicioning Test 1 lot 15,000,000 15,000,000
Total 9,717,098,000
Total I+II 9,724,598,000
Tax 10% 972,459,800
Total (RP) 10,697,057,800
Total (US$) 1,069,706
PROJECT BUDGET AND EXPENSES 
MARINE POWER SUPPLY PROJECT
APPENDIX C 
 
APPENDIX C 
 
APPENDIX C 
 
APPENDIX C 
 
APPENDIX C 
 
APPENDIX C 
 
APPENDIX C 
 
APPENDIX C 
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III INSTALLMENT WORK
1 Foundation Work 
1.1 Trafo Foundation 1 ls 1,500,000 1,500,000
2000 mm x 1200 mm x 100 mm
1.2  Cubicle MV Foundation 1 ls 1,500,000 1,500,000
1250 mm x 1220 mm x 100 mm
1.3  LVMDP Foundation 1 ls 1,500,000 1,500,000
2000 mm x 800 mm x 100 mm
1.4 Control Panel Foundation 1 ls 1,000,000 1,000,000
1600 mm x 800 mm x 100 mm
2 Medium Voltage Installation Work  
2.1 Trafo Installation 1250 KVA 1 ls 7,500,000 7,500,000
2.2 Cubicle MV Installation 2 set 1,500,000 3,000,000
2.3  Indoor Terminating & Jointing Works 8 set 800,000 6,400,000
 Elastimold Installation 1 set 800,000 800,000
2.4 Leader Cable 3 m 100,000 300,000
2.5  DC Test Medium Installation Expense 1 ls 1,500,000 1,500,000
3 Low Voltage Installation Work
3.1 Panel LVMDP Installation 1 unit 5,000,000 5,000,000
3.2  Control Panel l & Control desk Installation 1 unit 5,000,000 5,000,000
3.3 Frequency Converter Panel Installation 14 unit 750,000 10,500,000
3.4  Plug Output Pannel  / Shore Power 14 unit 750,000 10,500,000
Distribution unit (kWh)
3.5 Plug output paralel Panel 14 unit 750,000 10,500,000
4 Digging Work 
4.1 Digging Cable  NYFGBY 4 x 50mm 2,540 M 9,000 22,860,000
4.2 Cable Installation NYFGBY 4 x 50 mm 10,985 M 1,500 16,477,500
4.3 Street Crossing Boring 140 M 350,000 49,000,000
5 Grounding System Installation Work 
5.1  Grounding Stik Installation 3 Area 2,500,000 7,500,000
5.2 Grounding TM & TR Installation 1 lot 1,500,000 1,500,000
Total 163,837,500
Tax 10% 16,383,750
Total (RP) 180,221,250
Total (US$) 18,022
TOTAL I,II,III 1,087,728
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DATE SHIP TYPE SHIPPING FLAGS ROUTE SHIP OPERATION GRT LOA DWT SHIP NAME DISCHARGE CARGO TYPE LOADING CARGO TYPE PILOT TRT WTB PILOT WT AP PT_PILOT BT IT NOT ET
11/25/2013 10:38 CONTAINER DOMESTIC INA REGULAR 1695 74 769 PASADENA , KM 0 0 0 0 0.0 2083 0 0 0
3/22/2013 15:37 CONTAINER DOMESTIC INA REGULAR 712 56 1125 BERLIAN , KM 0 0 0 0 0.0 833 0 0 0
3/22/2013 15:44 CONTAINER DOMESTIC INA NONREGULAR 1454 81 ALKEN PESONA  ,KM 0 0 0 0 0.0 791 0 0 0
9/30/2013 12:46 CONTAINER DOMESTIC INA REGULAR TRAMPER 694 60 1200 ASIA DUA, KM BREAKBULK 467 0 792 2 451.8 778 0 0 0
7/24/2013 14:18 CONTAINER DOMESTIC INA NONREGULAR 1281 75 PERSADA - X   ,KM 0 0 0 0 0.0 576 0 0 0
12/19/2013 10:24 CONTAINER DOMESTIC INA REGULAR TRAMPER 694 60 1200 ASIA DUA, KM BREAKBULK 438 0 0 2 436.0 436 0 0 0
2/8/2013 10:15 CONTAINER DOMESTIC INA REGULAR TRAMPER 694 60 1200 ASIA DUA, KM BREAKBULK 0 0 0 1 -1.0 432 0 0 0
3/25/2013 10:20 CONTAINER DOMESTIC INA REGULAR TRAMPER 694 60 1200 ASIA DUA, KM BREAKBULK 0 0 0 1 -1.0 430 0 0 0
3/22/2013 15:40 CONTAINER DOMESTIC INA REGULAR 694 60 1200 ASIA DUA, KM 0 0 0 0 0.0 426 0 0 0
11/7/2013 13:32 CONTAINER DOMESTIC INA REGULAR TRAMPER 694 60 1200 ASIA DUA, KM BREAKBULK 423 0 0 1 422.0 421 0 0 0
8/4/2013 7:14 CONTAINER DOMESTIC INA REGULAR TRAMPER 694 60 1200 ASIA DUA, KM BREAKBULK 415 0 0 1 414.0 414 0 0 0
7/7/2013 9:06 CONTAINER DOMESTIC INA REGULAR TRAMPER 694 60 1200 ASIA DUA, KM BREAKBULK 411 0 0 1 410.0 410 0 0 0
2/6/2013 9:20 CONTAINER DOMESTIC INA REGULAR TRAMPER 712 56 1125 BERLIAN , KM BREAKBULK 429 0 1 5 424.0 383 0 0 0
10/16/2013 15:08 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 6302 105 KOMBOS  ,KM BAGCARGO BAGCARGO 993 -5 105 11 618.4 356 0 90.33 276.5
7/24/2013 14:16 CONTAINER DOMESTIC INA REGULAR 668 60 700 BINTANG PERMAI , KM 0 0 0 0 0.0 312 0 0 0
5/6/2013 8:05 CONTAINER DOMESTIC INA REGULAR TRAMPER 694 60 1200 ASIA DUA, KM BREAKBULK 294 0 0 1 293.0 292 0 0 0
4/15/2013 8:27 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 712 56 1125 BERLIAN , KM BAGCARGO 636 0 0 6 614.6 270 0 3.5 11.92
8/23/2013 9:54 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 3256 98 3650 CARAKA JAYA NIAGA III - 27,KM UNITIZED 3 2 -1 7 -216.6 208 0 76.59 134
8/26/2013 16:24 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 5612 97 5700 RIMBA TUJUH , KM BAGCARGO 737 0 29 9 535.7 206 21.25 34.83 135.8
7/11/2013 14:37 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 5612 97 5700 RIMBA TUJUH , KM BAGCARGO 737 0 29 9 535.7 206 21.25 34.83 135.8
7/11/2013 14:37 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 5612 97 5700 RIMBA TUJUH , KM BAGCARGO 737 0 29 9 535.7 206 21.25 34.83 135.8
12/27/2013 14:21 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 1089 69 ALKEN PERITI , KM 340 0 -3 5 335.1 196 0 0 0
10/24/2013 16:19 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 6302 105 SOMBAR, EKS HANJANI  ,KM BAGCARGO 674 -13 -13 7 495.5 184 10.5 34.24 140
9/5/2013 16:18 CONTAINER DOMESTIC INA 8142 130 TANTO SURYA , KM CONTAINER CONTAINER 699 1 7 7 690.9 169 0 0 0
10/30/2013 15:45 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 2519 92 2650 NIAGA 56 , KM BREAKBULK BAGCARGO 579 -2 -72 8 458.0 166 0 52.75 63.5
12/28/2013 16:18 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 3256 98 3650 CARAKA JAYA NIAGA III - 23.KM BAGCARGO 169 0 2 3 166.0 165 0 0 0
5/21/2013 15:18 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 2519 92 2650 NIAGA 56 , KM UNITIZED 604 -2 4 7 462.7 157 8 44.75 83.5
10/31/2013 12:00 CONTAINER DOMESTIC INA REGULAR LINER 4180 115 MENTARI PERDANA EX WESERTOR.KM CONTAINER CONTAINER 499 56 76 16 326.7 155 0 28.58 70.5
5/21/2013 15:45 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 3257 98 3650 CARAKA JAYA NIAGA III - 9 , KM BAGCARGO 569 0 -6 6 405.4 149 20 42.16 95.5
8/27/2013 10:38 CONTAINER DOMESTIC INA REGULAR LINER 11964 150 14464 MERATUS MAKASSAR  KM. CONTAINER CONTAINER 364 0 24 6 357.6 149 0 0 0
5/14/2013 16:51 CONTAINER DOMESTIC INA REGULAR LINER 5938 127 11973 TANTO HARI , KM CONTAINER CONTAINER 271 1 -1 8 262.0 149 0 0 0
8/30/2013 10:26 CONTAINER DOMESTIC INA 6362 126 TANTO SAKTI II  ,KM CONTAINER CONTAINER 474 0 8 7 466.9 146 0 0 0
7/26/2013 10:01 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 2519 92 2650 NIAGA 56 , KM UNITIZED BAGCARGO 354 0 -193 7 243.7 146 0 32.5 74
8/17/2013 8:30 CONTAINER DOMESTIC INA REGULAR LINER 12029 157 14630 LUZON  ,KM CONTAINER CONTAINER 189 0 48 6 152.2 138 0.39 7.5 22.11
12/2/2013 16:26 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 1819 80 TIKALA  ,KM BREAKBULK 425 0 0 6 391.8 135 0 11.67 15.5
8/14/2013 13:46 CONTAINER DOMESTIC INA REGULAR LINER 4365 114 6800 TELUK FLAMINGGO , KM CONTAINER CONTAINER 141 0 8 5 135.9 134 0 0 0
10/16/2013 9:51 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 3951 98 BEVERLY  ,KM BREAKBULK 1893 0 26 11 1751.6 129 0 35.5 94.5
12/11/2013 16:33 CONTAINER DOMESTIC INA REGULAR LINER 8612 143 10313 TANTO SEMANGAT  ,KM CONTAINER CONTAINER 238 1 37 6 230.4 123 0 0 0
8/21/2013 16:55 CONTAINER DOMESTIC INA REGULAR LINER 3668 107 4500 MERATUS BENOA  ,KM CONTAINER CONTAINER 240 0 0 7 233.0 123 0 0 0
8/4/2013 7:20 CONTAINER DOMESTIC INA REGULAR TRAMPER 668 60 700 BINTANG PERMAI , KM BREAKBULK 0 0 0 1 -1.0 115 0 0 0
9/2/2013 11:25 CONTAINER DOMESTIC INA 8612 143 TANTO SENANG  ,KM CONTAINER CONTAINER 599 2 -48 7 590.8 113 0 0 0
4/8/2013 16:11 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 1819 80 2000 MULTI SARANA , KM UNITIZED UNITIZED 387 -6 -5 5 388.1 112 0 0 0
8/13/2013 15:52 CONTAINER DOMESTIC INA REGULAR LINER 4391 100 5350 MERATUS PROJECT 1  KM. CONTAINER CONTAINER 118 0 47 6 89.7 111 0 3.5 18
1/17/2013 14:54 CONTAINER DOMESTIC INA REGULAR LINER 6979 125 10253 TANTO LESTARI  ,KM CONTAINER CONTAINER 454 1 27 6 446.6 110 0 0 0
9/4/2013 12:55 CONTAINER DOMESTIC INA REGULAR LINER 13448 150 ORIENTAL EMERALD EKS SHIMA ,KM CONTAINER CONTAINER 549 0 21 11 494.8 107 3.73 9.48 29.62
6/27/2013 11:36 CONTAINER DOMESTIC INA REGULAR LINER 9210 129 12723 ARMADA PERMATA, KM CONTAINER CONTAINER 413 0 22 8 404.6 106 0 0 0
12/12/2013 16:40 CONTAINER DOMESTIC INA REGULAR LINER 4180 115 MENTARI PERDANA EX WESERTOR.KM CONTAINER CONTAINER 267 -28 184 11 188.8 104 3 37.17 52
3/8/2013 13:36 CONTAINER DOMESTIC INA REGULAR LINER 12129 158 14140 MADISON KM CONTAINER CONTAINER 136 0 43 7 128.3 104 0 0 0
9/25/2013 10:57 CONTAINER DOMESTIC INA REGULAR LINER 5938 127 11973 TANTO HARI , KM CONTAINER CONTAINER 195 1 63 8 185.0 103 0 0 0
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7/2/2013 9:10 CONTAINER DOMESTIC INA REGULAR LINER 4932 116 7207 TANTO SAYANG , KM CONTAINER BAGCARGO 172 0 15 6 165.8 102 0 0 0
10/17/2013 13:58 CONTAINER DOMESTIC INA REGULAR LINER 8612 143 10313 TANTO SEMANGAT  ,KM CONTAINER CONTAINER 116 1 -2 5 110.0 102 0 0 0
9/3/2013 16:16 CONTAINER DOMESTIC INA REGULAR LINER 4152 101 5000 MENTAYA RIVER , KM CONTAINER CONTAINER 408 0 5 5 402.9 101 0 0 0
11/29/2013 14:21 CONTAINER DOMESTIC INA REGULAR LINER 8612 143 10313 TANTO SENANG  ,KM CONTAINER CONTAINER 126 0 -6 6 120.1 101 0 0 0
10/28/2013 13:21 CONTAINER DOMESTIC INA REGULAR LINER 6979 125 10253 TANTO LESTARI  ,KM CONTAINER CONTAINER 271 2 33 7 261.5 98 0 0 0
4/4/2013 11:06 CONTAINER DOMESTIC INA REGULAR LINER 1695 74 769 PASADENA , KM CONTAINER CONTAINER 1713 1 267 10 1697.6 97 0 0 0
7/16/2013 16:11 CONTAINER DOMESTIC INA REGULAR LINER 6362 126 6892 TANTO SAKTI II  ,KM CONTAINER CONTAINER 193 2 -10 6 185.2 96 0 0 0
5/22/2013 16:31 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 1819 80 TIKALA  ,KM UNITIZED UNITIZED 426 1 24 7 347.1 95 0 15.03 55.5
9/17/2013 11:15 CONTAINER DOMESTIC INA REGULAR LINER 12029 157 14630 LUZON  ,KM CONTAINER CONTAINER 107 0 5 5 101.9 94 0 0 0
4/2/2013 14:23 CONTAINER DOMESTIC INA REGULAR LINER 9380 145 12250 TANTO TERANG  ,KM CONTAINER CONTAINER 218 0 0 4 214.0 93 0 0 0
7/10/2013 12:48 CONTAINER DOMESTIC INA REGULAR LINER 9380 145 12250 TANTO TERANG  ,KM CONTAINER CONTAINER 219 1 1 6 212.0 93 0 0 0
10/9/2013 13:56 CONTAINER DOMESTIC INA REGULAR LINER 6093 106 ARMADA SEJATI  ,KM CONTAINER CONTAINER 284 0 37 8 275.4 92 0 0 0
10/3/2013 15:25 CONTAINER DOMESTIC INA REGULAR LINER 6251 116 8722 MERATUS TANGGUH  1  ,KM CONTAINER CONTAINER 710 -2 -5 9 703.1 92 0 0 0
9/25/2013 13:56 CONTAINER DOMESTIC INA 8142 130 TANTO SURYA , KM CONTAINER CONTAINER 175 1 -2 7 167.0 91 0 0 0
9/9/2013 16:50 CONTAINER DOMESTIC INA 6361 126 TANTO SAKTI I  ,KM CONTAINER CONTAINER 250 1 -4 7 242.1 91 0 0 0
4/25/2013 10:36 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 1417 75 SAKURA 09  ,KM BREAKBULK CONTAINER 158 4 1 5 123.8 90 0 6.05 19.17
10/8/2013 10:50 CONTAINER DOMESTIC INA REGULAR LINER 9606 141 12575 ARMADA PAPUA  ,KM CONTAINER CONTAINER 117 0 -4 6 111.1 90 0 0 0
1/17/2013 14:04 CONTAINER DOMESTIC INA REGULAR LINER 6867 121 9114 TANTO RAYA  ,KM CONTAINER CONTAINER 414 1 -5 7 406.1 90 0 0 0
10/17/2013 13:43 CONTAINER DOMESTIC INA REGULAR LINER 12029 157 14630 LUZON  ,KM CONTAINER CONTAINER 167 0 61 11 155.0 90 0 0 0
4/10/2013 7:57 CONTAINER DOMESTIC INA REGULAR LINER 8612 143 10313 TANTO SENANG  ,KM CONTAINER CONTAINER 264 1 -18 5 258.3 90 0 0 0
4/3/2013 10:02 CONTAINER DOMESTIC INA REGULAR LINER 8142 130 TANTO SURYA , KM CONTAINER CONTAINER 196 0 17 5 190.7 90 0 0 0
8/15/2013 8:10 CONTAINER DOMESTIC INA REGULAR LINER 6867 121 9114 TANTO RAYA  ,KM CONTAINER CONTAINER 157 1 2 7 149.0 89 0 0 0
10/21/2013 15:23 CONTAINER DOMESTIC INA REGULAR LINER 4152 101 5000 MENTAYA RIVER , KM CONTAINER CONTAINER 499 -2 -11 9 492.2 89 0 0 0
5/27/2013 9:02 CONTAINER DOMESTIC INA REGULAR LINER 9313 148 13156 TANTO STAR  ,KM CONTAINER CONTAINER 93 1 -1 5 87.0 88 0 0 0
6/19/2013 8:39 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 9313 148 13156 TANTO STAR  ,KM CONTAINER 278 3 -1 8 267.0 88 0 0 0
11/12/2013 16:58 CONTAINER DOMESTIC INA REGULAR LINER 8612 143 10313 TANTO SEMANGAT  ,KM CONTAINER CONTAINER 289 1 21 7 280.7 88 0 0 0
9/5/2013 15:36 CONTAINER DOMESTIC INA 8203 130 MERATUS KALABAHI  ,KM CONTAINER CONTAINER 406 0 42 6 399.3 88 0 0 0
8/7/2013 8:15 CONTAINER DOMESTIC INA REGULAR LINER 6279 120 9200 PULAU LAYANG , KM CONTAINER CONTAINER 179 2 8 11 143.7 87 0 7.43 14.74
9/9/2013 16:51 CONTAINER DOMESTIC INA REGULAR LINER 3666 98 4830 TANTO HARMONI,  KM CONTAINER CONTAINER 666 2 -3 8 656.1 87 0 0 0
10/16/2013 15:42 CONTAINER DOMESTIC INA REGULAR LINER 9380 145 12250 TANTO TERANG  ,KM CONTAINER CONTAINER 202 1 49 6 194.2 86 0 0 0
10/21/2013 16:07 CONTAINER DOMESTIC INA REGULAR LINER 6361 126 6861 TANTO SAKTI I  ,KM CONTAINER CONTAINER 115 0 1 6 109.0 86 0 0 0
9/4/2013 17:40 CONTAINER DOMESTIC INA 6979 125 TANTO LESTARI  ,KM CONTAINER CONTAINER 389 0 1 5 384.0 86 0 0 0
4/2/2013 14:42 CONTAINER DOMESTIC INA REGULAR LINER 5938 127 11973 TANTO HARI , KM CONTAINER CONTAINER 362 1 7 7 353.9 85 0 0 0
3/18/2013 14:19 CONTAINER DOMESTIC INA REGULAR LINER 9313 148 13156 TANTO STAR  ,KM CONTAINER CONTAINER 215 1 46 5 208.2 85 0 0 0
5/20/2013 8:17 CONTAINER DOMESTIC INA REGULAR LINER 9380 145 12250 TANTO TERANG  ,KM CONTAINER CONTAINER 121 1 0 5 115.0 84 0 0 0
12/30/2013 15:56 CONTAINER DOMESTIC INA REGULAR LINER 6867 121 9114 TANTO RAYA  ,KM CONTAINER CONTAINER 164 1 1 6 157.0 84 0 0 0
2/13/2013 9:47 CONTAINER DOMESTIC INA REGULAR LINER 12029 157 14630 LUZON  ,KM CONTAINER CONTAINER 367 0 99 7 358.4 84 0 0 0
2/18/2013 17:25 CONTAINER DOMESTIC INA REGULAR LINER 9313 148 13156 TANTO STAR  ,KM CONTAINER CONTAINER 90 0 -3 5 85.1 84 0 0 0
3/14/2013 15:14 CONTAINER DOMESTIC INA REGULAR LINER 5684 121 7416 MERATUS KENDARI - I , KM. CONTAINER CONTAINER 163 2 53 7 153.1 83 0 0 0
6/10/2013 17:01 CONTAINER DOMESTIC INA REGULAR LINER 4870 105 6797 TANTO SENTOSA , KM CONTAINER CONTAINER 110 1 22 6 102.6 83 0 0 0
9/5/2013 15:19 CONTAINER DOMESTIC INA 11964 150 MERATUS MALINO  ,KM CONTAINER CONTAINER 87 0 11 4 82.8 83 0 0 0
10/31/2013 13:44 CONTAINER DOMESTIC INA REGULAR LINER 5974 128 7612 TANTO SATRIA , KM CONTAINER CONTAINER 314 2 18 7 304.7 82 0 0 0
8/21/2013 11:02 CONTAINER DOMESTIC INA REGULAR LINER 3988 99 4705 TANTO FAJAR III  ,KM CONTAINER CONTAINER 93 0 -2 7 86.0 82 0 0 0
3/6/2013 9:11 CONTAINER DOMESTIC INA REGULAR LINER 8612 143 10313 TANTO SEMANGAT  ,KM CONTAINER CONTAINER 316 1 4 5 309.9 82 0 0 0
4/2/2013 16:53 CONTAINER DOMESTIC INA REGULAR LINER 4932 116 7207 TANTO SAYANG , KM CONTAINER CONTAINER 97 1 -5 7 89.1 82 0 0 0
7/19/2013 7:58 CONTAINER DOMESTIC INA REGULAR LINER 8142 130 TANTO SURYA , KM CONTAINER CONTAINER 139 2 20 5 131.7 82 0 0 0
12/20/2013 9:36 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 1171 69 1578 PULAU MANIS , KM BAGCARGO 192 -1 491 3 92.6 82 0 20.25 69
7/29/2013 12:45 CONTAINER DOMESTIC INA REGULAR LINER 13448 150.6 ORIENTAL SILVER  ,KM CONTAINER CONTAINER 140 -1 291 9 114.8 81 0.96 4.84 6.6
3/22/2013 10:51 CONTAINER DOMESTIC INA REGULAR LINER 3972 98 4705 TANTO FAJAR II  ,KM CONTAINER CONTAINER 279 1 2 8 270.0 81 0 0 0
1/14/2013 8:46 CONTAINER DOMESTIC INA REGULAR LINER 3668 107 4875 LUMOSO BAHAGIA  ,KM CONTAINER CONTAINER 123 2 -1 7 114.0 81 0 0 0
2/13/2013 10:30 CONTAINER DOMESTIC INA REGULAR LINER 10359 149 14495 TANTO KARUNIA II  ,KM CONTAINER CONTAINER 87 0 -3 6 81.1 81 0 0 0
9/12/2013 13:30 CONTAINER DOMESTIC INA 8203 130 MERATUS KALABAHI  ,KM CONTAINER CONTAINER 88 0 12 5 82.8 81 0 0 0
1/30/2013 16:21 CONTAINER DOMESTIC INA REGULAR LINER 8612 143 10313 TANTO SEMANGAT  ,KM CONTAINER CONTAINER 235 0 2 6 229.0 81 0 0 0
11/8/2013 14:08 CONTAINER INTERNATIONAL INA NONREGULAR TRAMPER 5684 121 7416 MERATUS KENDARI - I , KM. CONTAINER 133 0 58 10 122.0 81 0 0 0
7/3/2013 9:49 CONTAINER DOMESTIC INA REGULAR LINER 6979 125 10253 TANTO LESTARI  ,KM CONTAINER BAGCARGO 149 1 -1 6 142.0 81 0 0 0
3/7/2013 9:04 CONTAINER DOMESTIC INA NONREGULAR TRAMPER 13448 150 ORIENTAL EMERALD EKS SHIMA ,KM CONTAINER 219 0 -3 5 214.1 80 0 0 0
9/3/2013 16:52 CONTAINER DOMESTIC INA REGULAR LINER 5938 127 11973 TANTO HARI , KM CONTAINER CONTAINER 809 2 -2 8 799.0 80 0 0 0
9/17/2013 11:18 CONTAINER DOMESTIC INA 9313 148 TANTO STAR  ,KM CONTAINER CONTAINER 172 1 -45 5 166.8 80 0 0 0
3/11/2013 15:11 CONTAINER DOMESTIC INA REGULAR LINER 2979 99 BULGARIE EX JIN HAI MAN  ,MV CONTAINER CONTAINER 244 0 8 7 236.9 80 0 0 0
4/22/2013 8:35 CONTAINER DOMESTIC INA NONREGULAR LINER 6361 126 6861 TANTO SAKTI I  ,KM CONTAINER CONTAINER 237 2 5 34 200.9 79 0 0 0
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3/22/2013 15:37 PASSENGER DOMESTIC INA NONREGULER 490 46 219 SUKARIA  ,KM 0 0 0 0 0.0 717 0 0 0
8/6/2013 7:48 PASSENGER DOMESTIC INA NONREGULER 2624 71.8 1365 DHARMA KARTIKA III  ,KM UNITIZED UNITIZED 133 -26 -24 6 153.4 64 0 0 0
10/21/2013 7:47 PASSENGER DOMESTIC INA REGULER LINER 6022 100 5000 KELIMUTU , KM UNITIZED UNITIZED 80 1 7 6 72.9 52 0 0 0
5/15/2013 15:20 PASSENGER DOMESTIC INA NONREGULER TRAMPER 6022 100 5000 KELIMUTU , KM UNITIZED 443 0 -7 5 438.1 48 0 0 0
2/13/2013 14:33 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6000 AWU , KM UNITIZED UNITIZED 412 0 29 8 403.5 48 0 0 0
7/9/2013 11:17 PASSENGER DOMESTIC INA REGULER LINER 6022 100 5000 KELIMUTU , KM UNITIZED UNITIZED 54 0 0 5 49.0 48 0 0 0
12/3/2013 16:10 PASSENGER DOMESTIC INA 6022 100 KELIMUTU , KM UNITIZED UNITIZED 82 2 -2 5 75.0 44 0 0 0
10/28/2013 9:09 PASSENGER DOMESTIC INA 14501 145 UMSINI , KM UNITIZED UNITIZED 352 0 3 6 346.0 42 0 0 0
3/13/2013 10:24 PASSENGER DOMESTIC INA NONREGULER TRAMPER 6022 100 5000 KELIMUTU , KM UNITIZED 100 0 1 6 94.0 42 0 0 0
4/8/2013 8:20 PASSENGER DOMESTIC INA REGULER LINER 6022 100 5000 KELIMUTU , KM UNITIZED UNITIZED 102 0 2 5 97.0 39 0 0 0
1/21/2013 13:03 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6500 LAWIT , KMP UNITIZED UNITIZED 96 0 -2 5 91.0 36 0 0 0
3/21/2013 12:30 PASSENGER DOMESTIC INA REGULER LINER 6345 122 2552 SAFIRA NUSANTARA , KM UNITIZED UNITIZED 42 0 8 4 37.9 35 0 0 0
8/30/2013 8:52 PASSENGER DOMESTIC INA REGULER LINER 7570 125 MAHKOTA NUSANTARA UNITIZED UNITIZED 265 0 1 9 256.0 34 0 0 0
3/25/2013 11:51 PASSENGER DOMESTIC INA REGULER LINER 7570 125 MAHKOTA NUSANTARA UNITIZED UNITIZED 40 6 19 6 27.7 34 0 0 0
3/25/2013 11:51 PASSENGER DOMESTIC INA REGULER LINER 7570 125 MAHKOTA NUSANTARA UNITIZED UNITIZED 40 6 19 6 27.7 34 0 0 0
3/28/2013 15:48 PASSENGER DOMESTIC INA REGULER LINER 7570 125 MAHKOTA NUSANTARA UNITIZED UNITIZED 40 6 19 6 27.7 34 0 0 0
6/12/2013 13:29 PASSENGER DOMESTIC INA REGULER LINER 6022 100 5000 KELIMUTU , KM UNITIZED UNITIZED 85 0 2 7 78.0 33 0 0 0
7/12/2013 8:16 PASSENGER DOMESTIC INA REGULER LINER 2620 74 2650 SANGIANG , KM UNITIZED UNITIZED 0 1 3 8 -9.1 33 0 0 0
12/13/2013 16:03 PASSENGER DOMESTIC INA 6022 100 KELIMUTU , KM UNITIZED UNITIZED 81 0 0 6 75.0 32 0 0 0
2/6/2013 9:54 PASSENGER DOMESTIC INA REGULER LINER 6022 100 5000 KELIMUTU , KM UNITIZED UNITIZED 117 0 -2 7 110.0 31 0 0 0
4/11/2013 15:18 PASSENGER DOMESTIC INA REGULER LINER 2821 80 SATYA KENCANA III  ,KM UNITIZED UNITIZED 36 5 9 5 25.9 31 0 0 0
1/29/2013 16:14 PASSENGER DOMESTIC INA REGULER LINER 14716 145 SINABUNG KM. PETIKEMAS PETIKEMAS 237 0 3 6 231.0 31 0 0 0
1/25/2013 14:38 PASSENGER DOMESTIC INA NONREGULER TRAMPER 3626 90 DHARMA KENCANA , KM UNITIZED 12 3 3 4 5.0 31 0 0 0
5/15/2013 10:16 PASSENGER DOMESTIC INA REGULER LINER 14685 137 15000 DORO LONDA , KM UNITIZED UNITIZED 360 1 3 6 353.0 30 0 0 0
10/21/2013 7:41 PASSENGER DOMESTIC INA NONREGULER TRAMPER 7570 125 MAHKOTA NUSANTARA UNITIZED 34 0 2 4 30.0 30 0 0 0
8/19/2013 15:59 PASSENGER DOMESTIC INA REGULER LINER 14685 137 15000 DORO LONDA , KM UNITIZED UNITIZED 170 0 -7 5 165.1 29 0 0 0
12/9/2013 14:25 PASSENGER DOMESTIC INA NONREGULER TRAMPER 454 60 KUMALA ENDAH  ,KM UNITIZED UNITIZED 0 0 0 0 0.0 29 0 0 0
12/23/2013 16:45 PASSENGER DOMESTIC INA NONREGULER TRAMPER 454 60 KUMALA ENDAH  ,KM UNITIZED 0 2 0 0 -2.0 28 0 0 0
6/17/2013 13:00 PASSENGER DOMESTIC INA NONREGULER TRAMPER 3626 90 DHARMA KENCANA , KM UNITIZED 33 3 -2 5 25.0 28 0 0 0
12/28/2013 15:05 PASSENGER DOMESTIC INA NONREGULER TRAMPER 10707 145 SANTIKA NUSANTARA  ,KM UNITIZED 32 0 10 5 26.8 28 0 0 0
8/19/2013 16:07 PASSENGER DOMESTIC INA REGULER LINER 14501 145 14000 UMSINI , KM UNITIZED UNITIZED 136 0 1 5 131.0 27 0 0 0
4/2/2013 13:24 PASSENGER DOMESTIC INA NONREGULER TRAMPER 2821 80 SATYA KENCANA III  ,KM UNITIZED 32 2 1 5 25.0 27 0 0 0
7/8/2013 17:16 PASSENGER DOMESTIC INA NONREGULER TRAMPER 14685 137 15000 DORO LONDA , KM UNITIZED 30 0 4 3 26.9 26 0 0 0
4/30/2013 9:59 PASSENGER DOMESTIC INA REGULER LINER 6370 120 KIRANA - 2 , KM UNITIZED UNITIZED 45 -18 0 7 56.0 26 0 0 0
5/15/2013 14:15 PASSENGER DOMESTIC INA REGULER TRAMPER 6022 100 6100 BUKIT RAYA , KM UNITIZED 31 0 0 5 26.0 26 0 0 0
7/15/2013 7:46 PASSENGER DOMESTIC INA REGULER LINER 2821 80 SATYA KENCANA III  ,KM UNITIZED UNITIZED 31 5 6 5 20.9 26 0 0 0
7/9/2013 11:31 PASSENGER DOMESTIC INA REGULER LINER 5257 101 3033 DHARMA KENCANA VIII EX KIRANA UNITIZED UNITIZED 29 2 6 4 22.9 25 0 0 0
7/25/2013 9:29 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6100 BUKIT RAYA , KM UNITIZED UNITIZED 29 0 0 3 26.0 25 0 0 0
4/22/2013 14:44 PASSENGER DOMESTIC INA NONREGULER LINER 5257 101 3033 DHARMA KENCANA VIII EX KIRANA UNITIZED UNITIZED 52 -10 18 30 31.7 25 0 0 0
12/5/2013 13:21 PASSENGER DOMESTIC INA REGULER LINER 6345 122 2552 SAFIRA NUSANTARA , KM UNITIZED UNITIZED 48 5 4 8 34.9 25 0 0 0
7/22/2013 13:48 PASSENGER DOMESTIC INA REGULER LINER 14685 137 15000 DORO LONDA , KM UNITIZED UNITIZED 28 2 4 3 22.9 25 0 0 0
8/30/2013 14:26 PASSENGER DOMESTIC INA 14685 137 DORO LONDA , KM UNITIZED UNITIZED 29 0 -1 4 25.0 25 0 0 0
5/29/2013 13:20 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6100 BUKIT RAYA , KM UNITIZED UNITIZED 28 0 0 4 24.0 24 0 0 0
6/11/2013 15:54 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6000 AWU , KM UNITIZED UNITIZED 29 0 -2 4 25.0 24 0 0 0
4/3/2013 15:42 PASSENGER DOMESTIC INA REGULER LINER 2821 80 SATYA KENCANA III  ,KM UNITIZED UNITIZED 29 0 0 4 25.0 24 0 0 0
9/17/2013 8:41 PASSENGER DOMESTIC INA 14685 137 DORO LONDA , KM UNITIZED UNITIZED 28 1 3 3 24.0 24 0 0 0
5/29/2013 16:37 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6000 AWU , KM UNITIZED UNITIZED 29 0 -1 4 25.0 24 0 0 0
8/30/2013 10:33 PASSENGER DOMESTIC INA 14716 145 SINABUNG KM. UNITIZED UNITIZED 29 0 6 4 24.9 24 0 0 0
4/8/2013 14:51 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6500 LAWIT , KMP UNITIZED UNITIZED 28 1 -1 5 22.0 23 0 0 0
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10/25/2013 14:22 PASSENGER DOMESTIC INA NONREGULER TRAMPER 2284 74 2300 PANGRANGO , KM UNITIZED 2 1 6 7 -6.1 23 0 0 0
6/11/2013 16:04 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6100 BUKIT RAYA , KM UNITIZED UNITIZED 27 1 1 4 22.0 23 0 0 0
6/26/2013 15:31 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6100 BUKIT RAYA , KM UNITIZED UNITIZED 29 0 -1 5 24.0 23 0 0 0
7/18/2013 9:14 PASSENGER DOMESTIC INA NONREGULER TRAMPER 2624 71.8 1365 DHARMA KARTIKA III  ,KM UNITIZED UNITIZED 41 2 4 6 32.9 23 0 0 0
2/25/2013 8:27 PASSENGER DOMESTIC INA REGULER LINER 7570 125 MAHKOTA NUSANTARA UNITIZED UNITIZED 3 0 2 6 -3.0 23 0 0 0
7/12/2013 12:37 PASSENGER DOMESTIC INA REGULER LINER 2921 100 GERBANG SAMUDERA 1  ,KMP UNITIZED UNITIZED 27 1 0 4 22.0 23 0 0 0
10/31/2013 11:16 PASSENGER DOMESTIC INA NONREGULER LINER 3869 92 1667 TUNAS WISESA 03  KM. UNITIZED UNITIZED 28 1 1 5 22.0 23 0 0 0
1/25/2013 11:54 PASSENGER DOMESTIC INA NONREGULER LINER 3869 92 1667 TUNAS WISESA 03  KM. UNITIZED UNITIZED 249 1 -4 6 242.1 23 0 0 0
12/2/2013 12:34 PASSENGER DOMESTIC INA REGULER LINER 10707 145 SANTIKA NUSANTARA  ,KM UNITIZED UNITIZED 27 0 2 5 22.0 22 0 0 0
12/17/2013 14:46 PASSENGER DOMESTIC INA 6022 100 LAWIT , KMP UNITIZED UNITIZED 26 -1 0 4 23.0 22 0 0 0
1/25/2013 15:45 PASSENGER DOMESTIC INA REGULER LINER 4338 115 WIHAN SEJAHTERA  ,KM UNITIZED UNITIZED 233 0 3 5 228.0 22 0 0 0
12/5/2013 11:23 PASSENGER DOMESTIC INA REGULER LINER 2821 80 SATYA KENCANA III  ,KM UNITIZED 27 3 2 4 20.0 22 0 0 0
3/20/2013 10:21 PASSENGER DOMESTIC INA REGULER LINER 3626 90 DHARMA KENCANA , KM UNITIZED UNITIZED 27 0 -2 5 22.0 22 0 0 0
12/2/2013 14:16 PASSENGER DOMESTIC INA REGULER LINER 7570 125 MAHKOTA NUSANTARA UNITIZED UNITIZED 374 0 -9 10 364.2 22 0 0 0
1/8/2013 9:09 PASSENGER DOMESTIC INA REGULER LINER 4824 95 1448 FARINA NUSATARA  ,KM UNITIZED UNITIZED 26 6 19 4 15.7 22 0 0 0
11/4/2013 14:11 PASSENGER DOMESTIC INA NONREGULER TRAMPER 6022 100 6500 LAWIT , KMP UNITIZED 28 0 -1 6 22.0 22 0 0 0
5/29/2013 9:10 PASSENGER DOMESTIC INA REGULER LINER 14685 137 15000 DORO LONDA , KM UNITIZED UNITIZED 26 0 1 4 22.0 22 0 0 0
8/14/2013 9:28 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6100 BUKIT RAYA , KM UNITIZED UNITIZED 26 0 0 4 22.0 22 0 0 0
1/18/2013 15:30 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6500 LAWIT , KMP UNITIZED UNITIZED 28 0 -1 5 23.0 22 0 0 0
12/28/2013 14:43 PASSENGER DOMESTIC INA REGULER LINER 5299 120 KIRANA , KM UNITIZED UNITIZED 27 4 11 5 17.8 22 0 0 0
10/29/2013 17:12 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6000 AWU , KM UNITIZED UNITIZED 366 -1 -1 7 360.0 22 0 0 0
9/30/2013 10:17 PASSENGER DOMESTIC INA 14739 136 DORO LONDO UNITIZED UNITIZED 27 0 6 5 21.9 22 0 0 0
10/2/2013 13:38 PASSENGER DOMESTIC INA 6022 100 AWU , KM UNITIZED UNITIZED 27 1 26279 5 -417.0 22 0 0 0
7/12/2013 8:24 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6100 BUKIT RAYA , KM UNITIZED UNITIZED 26 -1 -2 4 23.0 22 0 0 0
3/21/2013 14:49 PASSENGER DOMESTIC INA REGULER LINER 3950 97 SWARNA BAHTERA  ,KM UNITIZED UNITIZED 40 4 -4 6 30.1 22 0 0 0
5/7/2013 15:49 PASSENGER DOMESTIC INA REGULER LINER 5257 101 3033 DHARMA KENCANA VIII EX KIRANA UNITIZED UNITIZED 27 -3 -3 5 25.1 22 0 0 0
2/12/2013 13:01 PASSENGER DOMESTIC INA REGULER LINER 3950 97 SWARNA BAHTERA  ,KM UNITIZED UNITIZED 27 0 -2 5 22.0 22 0 0 0
7/2/2013 9:57 PASSENGER DOMESTIC INA NONREGULER LINER 4338 115 WIHAN SEJAHTERA  ,KM UNITIZED UNITIZED 27 0 -1 5 22.0 22 0 0 0
11/28/2013 10:31 PASSENGER DOMESTIC INA 6022 100 AWU , KM UNITIZED UNITIZED 26 0 0 4 22.0 21 0 0 0
6/12/2013 13:32 PASSENGER DOMESTIC INA REGULER LINER 9168 135 KIRANA IX, KM UNITIZED UNITIZED 25 0 9 4 20.9 21 0 0 0
10/30/2013 12:31 PASSENGER DOMESTIC INA REGULER LINER 2821 80 SATYA KENCANA III  ,KM UNITIZED UNITIZED 26 1 1 5 20.0 21 0 0 0
6/12/2013 10:52 PASSENGER DOMESTIC INA REGULER LINER 9815 145 SANTIKA NUSANTARA  ,KM UNITIZED UNITIZED 3 0 4 4 -1.1 21 0 0 0
11/1/2013 10:42 PASSENGER DOMESTIC INA REGULER LINER 2669 77 KIRANA - 3 , KM UNITIZED UNITIZED 27 2 1 5 20.0 21 0 0 0
12/24/2013 12:30 PASSENGER DOMESTIC INA REGULER LINER 4338 115 WIHAN SEJAHTERA  ,KM UNITIZED UNITIZED 25 13 17 4 7.7 21 0 0 0
3/11/2013 15:08 PASSENGER DOMESTIC INA REGULER LINER 14685 137 15000 DORO LONDA , KM UNITIZED UNITIZED 30 0 5 9 20.9 21 0 0 0
6/4/2013 11:28 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6500 LAWIT , KMP UNITIZED UNITIZED 27 0 9 5 21.9 21 0 0 0
7/8/2013 11:31 PASSENGER DOMESTIC INA NONREGULER TRAMPER 9815 145 SANTIKA NUSANTARA  ,KM UNITIZED UNITIZED 27 0 1 5 22.0 21 0 0 0
11/8/2013 16:06 PASSENGER DOMESTIC INA REGULER LINER 5764 110 KUMALA , KM UNITIZED UNITIZED 27 9 6 5 12.9 21 0 0 0
2/19/2013 14:40 PASSENGER DOMESTIC INA REGULER LINER 14685 137 15000 DORO LONDA , KM UNITIZED UNITIZED 24 0 0 3 21.0 21 0 0 0
9/9/2013 16:42 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6500 LAWIT , KMP UNITIZED 25 0 -1 4 21.0 21 0 0 0
1/25/2013 11:37 PASSENGER DOMESTIC INA REGULER LINER 2921 100 GERBANG SAMUDERA 1  ,KMP UNITIZED UNITIZED 27 0 -2 6 21.0 21 0 0 0
5/27/2013 11:24 PASSENGER DOMESTIC INA REGULER LINER 2821 80 SATYA KENCANA III  ,KM UNITIZED UNITIZED 33 -1 -2 7 27.0 20 0 0 0
4/17/2013 11:33 PASSENGER DOMESTIC INA REGULER LINER 6345 122 2552 SAFIRA NUSANTARA , KM UNITIZED UNITIZED 24 0 0 4 20.0 20 0 0 0
5/23/2013 14:13 PASSENGER DOMESTIC INA NONREGULER LINER 2821 80 SATYA KENCANA III  ,KM UNITIZED UNITIZED 25 0 12 4 20.8 20 0 0 0
10/18/2013 15:17 PASSENGER DOMESTIC INA 14739 136 DORO LONDO UNITIZED UNITIZED 24 0 0 3 21.0 20 0 0 0
4/1/2013 16:31 PASSENGER DOMESTIC INA REGULER LINER 9168 135 KIRANA IX, KM UNITIZED UNITIZED 27 -1 -3 7 21.1 20 0 0 0
5/23/2013 15:59 PASSENGER DOMESTIC INA REGULER LINER 14716 145 SINABUNG KM. UNITIZED UNITIZED 24 0 1 4 20.0 20 0 0 0
5/1/2013 16:11 PASSENGER DOMESTIC INA NONREGULER TRAMPER 2821 80 SATYA KENCANA III  ,KM UNITIZED 26 2 0 5 19.0 20 0 0 0
10/10/2013 14:46 PASSENGER DOMESTIC INA REGULER LINER 3626 90 DHARMA KENCANA , KM UNITIZED UNITIZED 24 -8 -10 5 27.2 20 0 0 0
5/3/2013 14:47 PASSENGER DOMESTIC INA REGULER LINER 14716 145 SINABUNG KM. UNITIZED UNITIZED 24 0 -2 4 20.0 20 0 0 0
6/12/2013 13:58 PASSENGER DOMESTIC INA REGULER LINER 6370 120 KIRANA - 2 , KM UNITIZED UNITIZED 26 1 -19 5 20.3 20 0 0 0
6/17/2013 15:14 PASSENGER DOMESTIC INA NONREGULER LINER 14716 145 SINABUNG KM. UNITIZED UNITIZED 24 0 -1 3 21.0 20 0 0 0
10/22/2013 15:15 PASSENGER DOMESTIC INA 6022 100 LAWIT , KMP UNITIZED UNITIZED 26 0 2 5 21.0 20 0 0 0
11/18/2013 15:05 PASSENGER DOMESTIC INA REGULER LINER 2326 70 KIRANA  I  KM UNITIZED UNITIZED 50 6 15 6 37.8 20 0 0 0
1/29/2013 13:29 PASSENGER DOMESTIC INA REGULER LINER 7570 125 MAHKOTA NUSANTARA UNITIZED UNITIZED 127 1 10 10 115.8 19 0 0 0
5/23/2013 12:48 PASSENGER DOMESTIC INA NONREGULER LINER 3626 90 DHARMA KENCANA , KM UNITIZED UNITIZED 25 -3 -5 5 23.1 19 0 0 0
12/11/2013 14:03 PASSENGER DOMESTIC INA 6022 100 AWU , KM UNITIZED UNITIZED 24 0 0 5 19.0 19 0 0 0
6/7/2013 11:11 PASSENGER DOMESTIC INA REGULER LINER 4338 115 WIHAN SEJAHTERA  ,KM UNITIZED UNITIZED 24 0 4 5 18.9 19 0 0 0
3/11/2013 16:02 PASSENGER DOMESTIC INA REGULER LINER 6022 100 6500 LAWIT , KMP UNITIZED UNITIZED 31 3 4 5 22.9 19 0 0 0
4/19/2013 10:47 PASSENGER DOMESTIC INA REGULER LINER 14716 145 SINABUNG KM. UNITIZED UNITIZED 24 0 0 4 20.0 19 0 0 0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A INVESTMENT
-  14 SHORE SIDE ELECTRICITY 1,187,380     
TOTAL A 1,187,380     
AMMORTIZATION YEAR 15
B REVENUE
110% 4,540,393    4,994,432    5,493,875    6,043,263    6,647,589    7,312,348    8,043,583    8,847,941    9,732,735    10,706,009    11,776,610    12,954,271    14,249,698    15,674,667    17,242,134    
TOTAL B US$ TOTAL 4,540,393    4,994,432    5,493,875    6,043,263    6,647,589    7,312,348    8,043,583    8,847,941    9,732,735    10,706,009    11,776,610    12,954,271    14,249,698    15,674,667    17,242,134    
C COST
1 AMORTIZATION 79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159          79,159          79,159          79,159          79,159          79,159          
2 INSTALLMENT 79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159          79,159          79,159          79,159          79,159          79,159          
3 INTEREST 9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895            9,895            9,895            9,895            9,895            9,895            
4 MANNING COST /3 YEAR 105% 107,200      107,200      107,200      112,560      112,560      112,560      118,188      118,188      118,188      124,097        124,097        124,097        130,302        130,302        136,817        
5 ADMINISTRATION COST /YEAR 105% 227,020      238,371      250,289      262,804      275,944      289,741      304,228      319,439      335,411      352,182        369,791        388,281        407,695        428,079        449,483        
6 INSURANCE /YEAR 0.10% 1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187            1,187            1,187            1,187            1,187            1,187            
7 MAINTENANCE / 2 YEAR 105% 5,937          5,937          6,234          6,234          6,545          6,545          6,873          6,873          7,216          7,216            7,216            7,577            7,577            7,956            7,956            
TOTAL C TOTAL 509,556      520,907      533,122      550,997      564,449      578,246      598,688      613,900      630,215      652,895        670,504        689,355        714,974        735,737        763,656        
REVENUE BEFORE TAX (A+B-C) 4,030,837    4,473,525    4,960,753    5,492,266    6,083,140    6,734,102    7,444,895    8,234,041    9,102,520    10,053,113    11,106,105    12,264,916    13,534,724    14,938,930    16,478,478    
TAX 10% 403,084      447,353      496,075      549,227      608,314      673,410      744,489      823,404      910,252      1,005,311      1,110,611      1,226,492      1,353,472      1,493,893      1,647,848      
REVENUE AFTER TAX (1,187,380)    3,627,753    4,026,173    4,464,678    4,943,039    5,474,826    6,060,692    6,700,405    7,410,637    8,192,268    9,047,802      9,995,495      11,038,424    12,181,252    13,445,037    14,830,630    
E INVESTMENT ANALYSIS
1 NPV 7% 38,618,385    
2 IRR 316%
3 PAYBACK PERIOD (YEAR) 0 2,440,373    2,838,793    3,277,298    3,755,659    4,287,446    4,873,312    5,513,025    6,223,257    7,004,888      7,860,422      8,808,115      9,851,044      10,993,872    12,257,657    
INVESTMENT ANALYSIS (1st SCENARIO)
DESCRIPTION INITIAL
YEAR
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APPENDIX E 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A INVESTMENT
-  14 SHORE SIDE ELECTRICITY 1,187,380     
TOTAL A 1,187,380     
AMMORTIZATION YEAR 15
B REVENUE
110% 2,170,550   2,387,605   2,626,365   2,889,002   3,177,902   3,495,692   3,845,261   4,229,787   4,652,766   5,118,043    5,629,847   6,192,832   6,812,115   7,493,326   8,242,659   
TOTAL B US$ TOTAL 2,170,550   2,387,605   2,626,365   2,889,002   3,177,902   3,495,692   3,845,261   4,229,787   4,652,766   5,118,043    5,629,847   6,192,832   6,812,115   7,493,326   8,242,659   
C COST
1 AMORTIZATION 79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        
2 INSTALLMENT 79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        79,159        
3 INTEREST 9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          9,895          
4 MANNING COST /3 YEAR 105% 107,200      107,200      107,200      112,560      112,560      112,560      118,188      118,188      118,188      124,097      124,097      124,097      130,302      130,302      136,817      
5 ADMINISTRATION COST /YEAR 105% 108,527      113,954      119,652      125,634      131,916      138,512      145,437      152,709      160,345      168,362      176,780      185,619      194,900      204,645      214,877      
6 INSURANCE /YEAR 0.10% 1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          1,187          
7 MAINTENANCE / 2 YEAR 105% 5,937          5,937          6,234          6,234          6,545          6,545          6,873          6,873          7,216          7,216          7,216          7,577          7,577          7,956          7,956          
TOTAL C TOTAL 391,064      396,490      402,485      413,827      420,421      427,017      439,897      447,169      455,148      469,075      477,493      486,693      502,179      512,303      529,050      
REVENUE BEFORE TAX (A+B-C) 1,779,486   1,991,114   2,223,880   2,475,174   2,757,481   3,068,675   3,405,364   3,782,618   4,197,618   4,648,968    5,152,354   5,706,139   6,309,936   6,981,024   7,713,609   
TAX 10% 177,949      199,111      222,388      247,517      275,748      306,868      340,536      378,262      419,762      464,897      515,235      570,614      630,994      698,102      771,361      
REVENUE AFTER TAX (1,187,380)    1,601,537   1,792,003   2,001,492   2,227,657   2,481,733   2,761,808   3,064,827   3,404,356   3,777,856   4,184,071    4,637,118   5,135,525   5,678,943   6,282,921   6,942,248   
E INVESTMENT ANALYSIS
1 NPV 7% 16,889,481    
2 IRR 147%
3 PAYBACK PERIOD (YEAR) 0 414,157      604,623      814,112      1,040,277   1,294,353   1,574,428   1,877,447   2,216,976   2,590,476    2,996,691   3,449,738   3,948,145   4,491,563   5,095,541   
INVESTMENT ANALYSIS (2nd SCENARIO)
DESCRIPTION INITIAL
YEAR
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A INVESTMENT
-  14 SHORE SIDE ELECTRICITY 1,187,380   
TOTAL A 1,187,380   
AMMORTIZATION YEAR 15
B REVENUE
110% 1,085,275   1,193,802  1,313,183  1,444,501  1,588,951  1,747,846  1,922,631  2,114,894  2,326,383  2,559,021    2,814,923  3,096,416  3,406,057  3,746,663  4,121,329 
TOTAL B US$ TOTAL 1,085,275   1,193,802  1,313,183  1,444,501  1,588,951  1,747,846  1,922,631  2,114,894  2,326,383  2,559,021    2,814,923  3,096,416  3,406,057  3,746,663  4,121,329 
C COST
1 AMORTIZATION 79,159       79,159      79,159      79,159      79,159      79,159      79,159      79,159      79,159      79,159        79,159      79,159      79,159      79,159      79,159      
2 INSTALLMENT 79,159       79,159      79,159      79,159      79,159      79,159      79,159      79,159      79,159      79,159        79,159      79,159      79,159      79,159      79,159      
3 INTEREST 9,895         9,895        9,895        9,895        9,895        9,895        9,895        9,895        9,895        9,895          9,895        9,895        9,895        9,895        9,895       
4 MANNING COST /3 YEAR 105% 107,200     107,200     107,200     112,560     112,560     112,560     118,188     118,188     118,188     124,097      124,097     124,097     130,302     130,302     136,817    
5 ADMINISTRATION COST /YEAR 105% 54,264       56,977      59,826      62,817      65,958      69,256      72,719      76,355      80,172      84,181        88,390      92,809      97,450      102,322     107,438    
6 INSURANCE /YEAR 0.10% 1,187         1,187        1,187        1,187        1,187        1,187        1,187        1,187        1,187        1,187          1,187        1,187        1,187        1,187        1,187       
7 MAINTENANCE / 2 YEAR 105% 5,937         5,937        6,234        6,234        6,545        6,545        6,873        6,873        7,216        7,216          7,216        7,577        7,577        7,956        7,956       
TOTAL C TOTAL 336,800     339,513     342,659     351,010     354,463     357,761     367,179     370,815     374,976     384,894      389,103     393,884     404,729     409,980     421,611    
REVENUE BEFORE TAX (A+B-C) 748,475     854,289     970,524     1,093,490  1,234,488  1,390,085  1,555,452  1,744,079  1,951,407  2,174,127    2,425,820  2,702,532  3,001,329  3,336,683  3,699,718 
TAX 10% 74,847       85,429      97,052      109,349     123,449     139,009     155,545     174,408     195,141     217,413      242,582     270,253     300,133     333,668     369,972    
REVENUE AFTER TAX (1,187,380)  673,627     768,860     873,471     984,141     1,111,039  1,251,077  1,399,907  1,569,671  1,756,266  1,956,714    2,183,238  2,432,279  2,701,196  3,003,015  3,329,746 
E INVESTMENT ANALYSIS
1 NPV 7% 6,938,682   
2 IRR 69%
3 PAYBACK PERIOD (YEAR) 5 (513,753)    (418,520)    (313,909)    (203,239)    (76,341)     63,697      212,527     382,291     568,886      769,334     995,858     1,244,899  1,513,816  1,815,635 
DESCRIPTION INITIAL
YEAR
INVESTMENT ANALYSIS (3rd SCENARIO)
